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PREFACE. 



The progress of modem science, especiafly 
-witlim the last few years, has been remarkable for 
a tendency to simplify the laws of nature, and to 
unite detached branches by general principles- In 
some cases identity has been proTed where there 
appeared to be nothing in common, as in the 
electric and magnetic influences ; in others, as 
that of light and heat, siktIi ^^anUdgies 'js^fise'-YSe^-] 
pointed out as to justify tlieZdxpecta^on'thaSt they 
win ultimately be referred to t)5e satne '^Lgent, and 
in all there exists such a bond of union, that pr<>- 
ficiency cannot be attained in ^iiyxsia 'w^f ^rjoiu a 
knowledge of odiers. 

Although well aware that a hr more extensive 
illustration of these views might have been given, 
the Author hopes that enough has been done to 
show the Connection of the Physical Sciences. 

In order to keep pace with the progress of 
discovery in various branches of the Physical 
Sciences, this book has been carefully revised. 
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CONNECTION OF PHYSICAL SCIENCES. 



INTRODUCTION. 

Science, regarded as the pursuit of trutli, must ever 
afford occupation of consummate interest, and subject of 
elevated meditation. The contemplation of the works 
of creation elevates the mind to the admiration of what- 
ever is great and noble ; accomplishing the object of all 
study, which, in the eloquent language of Sir James 
Mackintosh, **is to inspire the love of truth, of wisdom, 
of beauty-— especially of goodness, the highest beauty 
— and of that supreme and eternal Mind, which con- 
tains all truth and wisdom, all beauty and goodness. 
By the love or delightful contemplation and pursuit of 
these transcendent aims, for their own sake only, the 
mind of man is raised from low and perishable objects, 
and prepared for those high destinies which are ap- 
pointed for all those who are capable of them.'* 

Astronomy affords the most extensive example of the 
connection of the physical sciences. In it are combined 
the sciences of number and quantity, of rest and mo- 
tion. In it we perceive the operation of a force which 
is mixed up with everything that exists in the heavens 
or on eardi; which pervades every atom, rules the 
motions of animate and inanimate beings, and is as sen- 
sible in the descent of a rain-drop as in the falls of 
Niagara; in the weight of the air, as in the periods of 
the moon. Gravitation not only binds satellites to their 
planet, and planets to the sun, but it connects sun with 
sun throughout the wide extent of creation, and is the 
cause of the disturbances, as well as of the order of 
nature : since every tremor it excites in any one planet 
is immediately transmitted to the farthest limits of the 
system, in oscillations, which correspond in their periods 
with the cause producing them, like sympathetic notes 
in music, or vibrations from the deep tones of an organ. 

The heavens afford the most sublime subject of study 
which can be derived from scieiice. Tlaa xsaa^iiv^da 
/ A 



2 INTRODUCrriON. 

aud splendor of the objects, the inconceivable rapidity 
with which they move, and the enormous distances 
between them, impress the mind with some notion of 
the energy that maintains them in their motions, with a 
dumbility to which we can see no limit. Equally con- 
spicuous is the goodness of the great First Cause, in 
having endowed man with faculties, by which he can 
not only a])precinte the magnificence of His works, but 
trace, with precision, the operation of His laws, use the 
globe he inhabits as a base wherewith to measure the 
magnitude and di^ance of the sun and planets, and 
make the diameter (Note 1) of the earth's orbit the 
first step of a scale by which he may ascend to the 
starry firmament. Such pursuits, while they ennoble 
the mind, at the same time inculcate humility, by show- 
ing that there is a barrier which no energy, mental cht 
physical, can ever enable us to pass : that, however 
profoundly we may penetrate the depths of space, 
there still remain innumerable systems, compared with 
which, those apparently so vast must dwindle into in- 
significance, or even become invisible ; and that not only 
man, but the glpbe he inhabits — nay, the whole system 
of which it forms so small a pait — might be annihilated, 
and its extinction be unperceived in the immensity of 
creation. 

A complete acquaintance with physical astronomy 
can be attained by those only who are well versed in 
the higher branches of mathematical and mechanical 
science (N. 2), and they alone can appreciate the ex- 
treme beauty of the results, and of the means by which 
these results are obtained. It is nevertheless true, that 
a sufficient skill in analysis (N. 3) to follow the general 
outline — to see the mutual dependence of the different 
parts of the system, and to comprehend by what means 
the most extraordinary conclusions have been arrived 
at, — ^is within the reach of many who shrink from the 
task, appalled by difficulties, not more formidable than 
those incident to the study of the elements of every 
branch of knowledge. There is a wide distinction be- 
tween the degi'ee of mathematical acquirement neces- 
sary for making discoveries, and that which is requisite 
for understanding what others have done. 



INTRODUCTION. 3 

Our knowledge of external objects is founded upon 
experience, which furnishes facts ; the comparison of 
these facts establishes relations, from which the belief 
that like causes will produce like effects, leads to gen- 
eral laws. Thus, experience teaches that bodies fall at 
the surface of the earth with an accelerated velocity, 
and with a force proportional to their masses. By com- 
parison, Newton proved that the force which occasions 
the fall of bodies at the earth's surface is identical with 
that which retains the moon in her orbit ; and he con- 
cluded, that as the moon is kept in her orbit by the 
attraction of the earth, so the planets might be retained 
in their orbits by the attraction of the sun. By such 
steps he was led to the discovery of one of those powers, 
with which the Creator has ordained, that matter should 
reciprocally act upon matter. 

Physical astronomy is the science which compares 
and identifies the laws of motion observed on earth, 
with the motions that take place in the heavens ; and 
which traces, by an uninterrupted chain of deduction 
from the great principle that governs the universe, the 
revolutions and rotations of the planets, and the oscilla- 
tH>n8 (N. 4) of the fluids at their surfaces ; and which 
estimates the changes the system has hitherto under- 
gone, or may hereafter experience— -changes which 
require millions of years for their accomplishment. 

The accumulated efforts of astronomers, frdhi the 
earliest dawn of civilization, have been necessary to 
establish the mechanical theory of astronomy. The 
courses of the planets have been observed for ages, with 
a degree of perseverance that is astonishing, if we con- 
sider the imperfection and even the want of instruments. 
The real motions of the earth have been separated 
from the apparent motions of the planets ; the laws of 
the planetaiy revolutions have been discovered ; and 
the discovery of these laws has led to the knowledge of 
the gravitation (N. 5) of matter. On the other hand, 
descending from the principle of gi-avitation, every mo- ' 
tion in the solar system has been so completely explained, 
that the laws of any astronomical phenomena that may 
hereafter occur, are already determined. 
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Section I. 

Attraction of a Sphere — Form of Celestial Bodies — ^Terrestrial GraTitatioo 
retains the Moon in her Orbit — The Heavenly Bodies move in Conic 
Sections — Gravitation proportional to Mass — Gravitation of the Particles 
of Matter-^Figure of the Planets — How it affects the Motions of their 
Satellites — Rotation and Translation impressed by the same Impulse- 
Motion of the Sun and Solar System. 

It has been proved by Newton, that a particle of mat- 
ter (N. 6) placed without the surface of a hollow sphere 
(N. 7), is attracted by it in the same manner as if the 
mass of the hoUow sphere, or the whole matter it con- 
tains, were collected into one dense particle in its center. 
The same is therefore true of a solid sphere, which may 
be supposed to consist of an infinite number of concentric 
hollow spheres (N. 8). This, however, is not the case 
with a spheroid (N. 9) ; but the celestial bodies are so 
nearly spherical, and at such remote distances from one 
another, that they attract and are attracted- as if each 
were condensed into a single particle situate in its center 
of gravity (N. 10) — a circumstance which greatly facili- 
- tates the investigation of their motions. 

Newton has shown that the force which retains the 
moon in her orbit, is the same with that which causes 
heavy substances to fall at the surface of the earth. If 
the eafth were a sphere, and at rest, a body would be 
equally attracted, that is, it would have the same weight 
at every point of its surface, because the surface of a 
sphere is everywhere equally distant from its center. 
But as our planet is flattened at the poles (N. 11), and 
bulges at the equator, the weight of the same body 
gradually decreases from the poles, where it is greatest, 
to the equator, where it is least. There is, however, a 
certain mean (N. 12) latitude (N. 13), or part of the earth 
intermediate between the pole and the equator, where 
the attraction of the earth on bodies at its surface is the 
same as if it were a sphere ; and experience shows that 
bodies there fall through 16*0697 feet in a second. The 
mean distance (N. 14) of the moon from the earth is 
about sixty times the mean radius (N. 15) of the earth. 
When the Dumber 16*0697 is diimoished in the ratio 



««CT. I. ROTATION AND TRANSLATION. 7 

tihat form in order to remain in equilibrio. The surfisu^e 
of the sea is therefore spheroidal, and the surface of the 
«arth only deviates from that figare where it rises above 
or sinks below the level of the sea. But the deviation is 
80 small, that it is unimportant when compared with the 
magnitude of the earth ; for the mighty chain of the 
Andes, and the yet more lofty Himalaya, bear about the 
same proportion to the earth that a grain of sand does to 
a globe three feet in diameter. Such is the form of the 
earth and planets. The compression (N. 31) or flatten- 
ing at their poles is, however, so small, that even Jupiter, 
whose rotation is the -most rapid, and therefore the most 
elliptical of the planets, may, from his great distance, be 
regarded as spherical. Although the planets attract 
each other as if they were spheres, on account of their 
distances, yet the satellites (N. 32) are near enough to 
be sensibly affected in their motions by the forms of 
their primaries. The moon, for example, is so near 
the euth, that the reciprocal attraction between each of 
her particles, and each of the particles in the prominent 
mass at the terrestrial equator, occasions considerable 
disturbances in the motions of both bodies; for the ac- 
tion of the moon on the matter at the earth's equator, 
produces a nutation (N. 33) in the axis (N. 34) of rotation, 
and the reaction of that matter on the moon is the cause 
of a corresponding nutation in the lunar orbit (N. 35). 

K a sphere at rest in space receive an impulse passing 
through its center of gravity, all its ports wUl move with 
an equal velocity in a straight lin& ; but if the impulse 
does not pass though the center of gravity, its particles, 
having unequal velocities, will have a rotatory or revolv- 
ing motion, at the same time that it is translated (N. 36) 
in space. These motions are independent of one an- 
o&er ; so that a contrary impulse, passing through its 
center of gravity, will impede its progress, without in- 
terfering with its rotation. As the sun rotates about an 
axis, it seems probable, if an impulse in a contrary direc- 
tion has not been given to his center of gravity, that he 
moves in space, accompanied by all those bodies which 
compose the solar system — a circumstance which would 
in no way interfere with their relative motions ; for, in 
consequence of the principle, that fore© \a \iTOi^Qx\\Qw^ 
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to velocity (N. 37), the reciprocal attractions of a system 
remain tiEie same, whether its center of gravity be at 
rest, or moving uniformly in space. It is computed that, 
had the earth received its motion from a single impulse, 
that impulse must have passed through a point about 
twenty-five miles from its center. 

Since the motions of rotation and translation of the 
planets are independent of each other, though probably 
communicated by the same impulse, they form separate 
subjects of investigation. 



Section II. 

Elliptical Motion — Mean and True Motion — Equinoctial — ^Ecliptic — ^Equi- 
noxes — Mean and True Longitude — Equation of Center— ^Inclination of 
the Orbits of Planets — Celestial Latitude — Nodes — ^Elements of an OAit 
—Undisturbed or Elliptical Orbits— >6re at Inclination of the Orbits of 
the new Planets — Universal Gravitation the Cause of Perturbations in 
the Motions of the Heavenly Bodies — ^Problem of the Three Bodies- 
Stability of Solar System depends upon the Primitive Momentum of the 
Bodies. 

A PLANET moves in its elliptical orbit with a velocity 
varying every instant, in consequence of two forces, one 
tending to the center of the sun, and the other in the 
direction of a tangent (N. 38) to its orbit, arising from 
the primitive impulse, given at the time when it was 
launched into space. Should the force in the tangent 
cease, the planet would fall to the sun by its gravity. 
Were the sun not to attract it, the planet would fly off 
in the tangent. Thus, when the planet is at the point 
of its orbit farthest from the sun, his action overcomes 
the planet^s velocity, and brings it toward him with 
such an accelerated motion, that at last it overcomes the 
sun's attraction ; and shooting past him, gradually de- 
creases in velocity, until it arrives at the most ^stant 
point, where the sun's attraction again prevails (N. 39). 
In this motion the radii vectores (N. 40J, or imaginary 
lines joining the centers of the sun and the planets, pass 
over equal areas or spaces in equal times (N. 41). 

The mean distance of a planet from the sun is equal 
to half the major axis (N. 42) of its orbit : if, therefore, 
the planet described a circle (N. 43) round the sun at 
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^^t» mean distance, the motion would be uniform, and 
't:lie periodic time unaltered, because the planet would 
^urive at the extremities of the major axis at the same 
instant, and would have the same velocity, whether it 
iKnoved in the circular or elliptical orbit, since the curves 
csoincide in these points. But, in every other part^ the 
elliptical or true motion (N. 44) would either be faster 
or slower than the circular or mean motion (N. 45). As 
it is necessary to have some fixed point in the heavens 
from whence to estimate these motions, the vernal equi- 
nox (N. 46) at a given epoch has been chosen. The 
equinoctial, which is a great circle traced in the starry 
heavens by the imaginary extension of the plane of the 
terrestrial equator, is intersected by the ecliptic, or ap- 
parent path of the sun, in two points diametrically oppo- 
site to one another, called the vernal and autumnal 
equinoxes. The vernal equinox is the point through 
which die sun passes, in going from the southern to the 
northern hemisphere ; and the autunmal, that in which 
he crosses from the northern to the southern. The 
mean or circular motion of a body, estimated from the 
vernal equinox, is its mean longitude ; and its eUiptical, 
or true motion, reckoned from that point, is its true lon- 
gitude (N. 47] : both being estimated from west to east, 
the direction m which the bodies move. The difference 
between the two is called the equation of the center 
(N. 46); which consequently vanishes at the apsides 
(N. 49), or exti*emities of the major axis, and is at its 
maximum ninety degrees (N. 50) distant from these 
points, or in quadratures (N. 51), where it measures 
the eccentncity (N. 52) of the orbit ; so that the place 
of a planet in its elliptical orbit is obtained, by adding or 
subtracting the equation of the center to or from its 
mean longitude. 

The orbits of the planets have a very small obliquity 
or inclination (N. 53) to the plane of the ecliptic in which 
the 9arth moves ; and on that account, astronomers refer 
their motions to this plane at a given epoch as a known 
and fixed position. The angular distance of a planet 
from the plane of the ecliptic is its latitude (N. 54) ; 
which is south or north, according as the planet is south 
or north of that plane. When the planet is in the plane 
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of the ecliptic, its latitude is zero : it is then said to be ^ 
in its nodes (N. 55). The ascending node is that point ^ 
in the ecliptic, through which the planet passes, in going ^ 
from the southern to the northern hemisphere. The ^ 
descending node is a corresponding point in the plane of"^ 
the ecliptic diametrically opposite to the other, throu^ _j 
which tiie planet descends in going from the northem -a 
to the southern liemisphere. The longitude and kiti- - 
tude of a planet cannot be obtained by direct observa- — 
lion, but are deduced from obsenrations made at the 
«ur&ce of the earth, by a very simple computation. 
These two quantities, however, will not give tiie place 
of a planet in space. Its distance from the sun (N. 56) 
must also be known ; and, for the complete determina- 
tion of its elliptical motion, the nature and position of its 
orbit must be ascertained by observation. This depends 
npon seven quantities, caOed the elements of the orbit 
(N. 57). These are, the length of the major axis, and 
the eccentricity, which determine the form of the orbit : 
the longitude of the planet when at its least distance 
from the sun, called the longitude of the perihelion ; the 
inclination of the orbit to the plane of the ecliptic, and 
the longitude of its ascending node ; these give the po- 
sition of the orbit in space ; but the periodic time, and 
the longitude of the planet at a given instant, called the 
longitude of the epoch, are necessary for finding thte 
place of the body in its orbit at all times. A perfect 
knowledge of these seven elements is requisite, for as- 
^sertaining all the circumstances of undisturbed elliptical 
motion. By such means it is found, that the paths of 
the planets, when their mutual disturbances are omitted, 
0Xe ellipses nearly approaching to circles, whose planes, 
slightly inclined to the ecliptic, cut it in straight lines, 
passing through the center of the sun (N. 58). The 
orbits of the recently discovered planets deviate more 
from the ecliptic than those of the ancient planets ; that 
of Pallas, for instance, has an inclination of 34° 37' 50-2" 
to it ; on which account it is more difficult to determine 
t^eir motions. 

Were the planets attracted by the sun only, they 
would always move in ellipses, invariable in form and 
pas'.tjoi; and because his action is proportional to his 
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i^us, tvbich is nmch larcn- than dat «f al ifae plav^ts 
at tiogeCber. the elipcica] b die ixai g iic %parvumMko 
* tliair tme motioBS. The tnie motiMif «t the pfa^e tt 
1*^ oxtremsly eompfidted. in coBKV|BeBce 4^ tfaenr 
intual attraetioD: so that ihtj do ant Dave ia acy 
uiffvu €ir synuDctneal cui^e. bat b pads aisnr ixh- 
■tMchmg to, now recediBg from, the eSfiCkal fors : 
■id tfmr radii vecCores do aoC dea ciih c amii or nfmt^^ 
saethr proportioBal to the time, so Aac Ae ana* W- 
OIB0 a test of disluUug forces. 

To detCTiBJDe die motioB of each hwfj. wfc^n <9s^ 
mbed fay ^ die lest. is beyond die power of aaaly fi-i . 
It is therefore u e t e aaai r to eisthnate die A imit i a g tr- 
aoB of one phnet at a dme. wfaeoee Ae cele4nff««4 
pmblBni of die diree bodiesL oiieimOy atipfad to Tbie 
noon, the eardi. and die sob: aaflwlr. die BMse* 
boing gTPea c^ three bo£es |iiujecled fioai diice ^f^n 
points, widi velocities 0ren kidi in if ulitj and ' fe e** . - 
tion : and. sapposins the bodies to giaiaafc e %^ ock asr- 
other with forces tint are dhvedy » their iminirT azyi 
in f etiet y as the sqaares of the dktaaee^. tA 3a«2 t£« 
fines deaenbed by these bodies, and di^ir ;»Hiitioc» «t 
aay ^en instant : or. in odier words, to <eterBK9« ti^ 
padi of aeelestial body when attracted by a siwoai Vx^f. 
and distavhed in its motion rwrnd dte seeool brjv^ly ly a 
thiid — a problem eq^iaOr apphcaUe tt> plasMt*. AaCftr&t:'^^ 
and comets. 

By this problem the motioas of tra£sdic»a of 'r^'!' 
eriestial bodies are deterrahxd. I; b t:; exSr^rnvirly 
^fficolt one, and would be is£siteiT more vj. if tcft '^^i^^ 
tn ita ng action were not very <maC wtum con^pared wiKh 
the centnl force : that is. ^ di-e act>>ci of tL^ pI.vsA<« ''^- 
one another were not Tery sccaL wbeo vMz.'ja*p\ *»'''- 
diat of the smi. As the is^nry-SLz :-*3*r>^ '/ ^^^-f* 
body may be tboad Aepaiat^Iy. is i» aM>::£o><i tiMit tr.^ 
nctioo of die whole svitern. in ^b^TTVaj %fty ' z^, ^fist.r.*:'. 
iff equal to the sum of all the inrrJc^iu' '^.•tr^.'tAa^^r^ '^ 
experieocesw oo the senerU fDechsijca: prwr.iie. *'-^- 
the sum of any nanih*r of iTSiJl 'X::':ji*r>f.^ j* t,»^f^ 
equal to their simaitaceoii-» a::;^ y^Lt eniwi:. 

On accoant of the reciprocal actK*n of mstur. tr«« 
stahi fi u of the sF«rem depends np«Mi the intniMty <^ ^^ 
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P^itive momentam (N. 59) of the phneta. and th^ 
of ^ ^^^^ masses to that of the sun ; for the natures 
J I~® J^^'^ic sections in which the celestial bodies mor^ -, ; 
epends upon the velocity with which they were fii»r%-^ 
^2?^"*^^ in space. Had that velocity been such as twza^, 
(N ^n ^ planets move in orbits of unstable equililnriuiBCZB .• 
th« • ' ^^^ mutual attractions might have changec^ 
that^ ™o parabolas, or even hyperbolas (N. 22) ; «=» 
«! the earth and planets might, ages ago, have beeKiB . 
^ ®®P^g fer from our sun throu^ the abyss of spac^ — - 
"*"• as the orbits differ very little firom circles, the nK> — ' . 
©ntum of the planet, when projected, must have beesx 
of^rtT^ sufficient to insure the permanency and stabili^3r 
Uie system. Besides, the mass of the sun is va8d3r. 
?®*^^ than that of any planet ; and as their inequaJi-.-.'- \ 
lf®. »^ar the same ratio to their elliptical motions, thait : 
™«u: masses do to that of the sun, their mutual disturb- 
•^©8 only increase or diminish the eccentricities of thenr "• 
^ • '!f ' ^^ ^®^ minute quantities ; consequently the mag- 
^^r? ^^ the sun*s mass is the principal cause of the •• 
stabihty of the system. There is not in the physical 
'World a more splendid example of the adaptation of.;-.' 
^eans to the accomplishment of an end, than is ezhib--..- ;' 
|ted in the nice adjustment of these forces, at once the 
^use of the variety and of the order of Nature. 



Section III. 

pextortetioBs, Periodic and Cireular-Di»turbin«r Aetna equiy^iil to 
^ three Partial Forcea-Tangential Force the Cause of the Periodic Ine 
qnalitiet in Longilade, and Secular Inequalities in the Form and Pontion 
3f the Orbit in iU own Plane-Radial Force the Cause of Variations in 
the Planet's DisUnce from the Sun-Il. combines with the Tangential 
Force to produce the Secular Variations m the Form and f^^^^lf^^^ 
Orbit in its own Plane— Perpendicular Force the Cause of Penodic Per- 
tSt Sm irLut "Tand Seculat Variations in the Position ^ the 
C^it with regard to th'e Plane of the EciP"<^Mean Motion Jfd M^ 
Axia InvariabTe-Stabihty of System-Effects of \f^^'*^^!^^^ 
iDTariable Plane of the Solar System and of the Universe-Gr«it ine- 
quality of Jupiter and Saturn. 

The planets are subject to disturbances of two kinds, 
both resulting from the constant operation of dieir recip- 
^^J.rtn^Jon: one kind, depending xxv^t^ tVvexr v^*^- 
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tioiis With regard to ench other, begins fi-oui zero* in- 
creases to a maxiinuin, decn^ases, nntl becomes xcr(»| 
again, when the pinnets return to the 5«ame relntiv 
positions* In consecjnence of these, the dislurlied planei 
b sometimes drawn away fiora the sun, soint*tiine« 
brought nearer to hiin : sometimes it is accelerated la 
its motion, and sometimes retarded. At ono time it is 
druwn above the p!ane of its orbit, at another time below 
it, according to the positiou of the disturbing body* All 
such changes, being accomplished in short jwriods, some 
in a few months, nthers in years, or in hundreds of 
years, are denominated periodic inequalities. The tn- 
eqnalities of the other kind, though iiccasioued likewise 
by the disturbing energy of the planets, are entirely in- 
dependent of their relative positinns. They depend 
upon the relative positions of the orbits alone, whoso 
forms and places in space are altered by very minute 
quantities, in immense periods of time, and are, there- 
fore, called secnhir inecpmlities. 

Th« periodical perturbations are compensated, when 
the bodies return Ki the same relative positions with 
regard to one another find to the suji : the secular ino- 
quiilities are compensated, when the orbitji retorn to 
the same positions relatively to oue another, and to the 
plane of the ecliptic. 

Planetaiy motion, including both these kinds of dis- 
turbance, mny bo represented by a body involving in tm 
ellipse, and nmking small and transient devtationn, now 
on one side of its jMith, and now on the other, while the 
ellipse itself is slowly, but perpetually, changing both in 
fonn and jjosition. 

The periodic inequalities are merely ti-ansient devi- 
ations of ft planet from its path^ the most remnrknbto of 
which only lasts abtmt 918 years; but, in consecjuenco 
of the secular disturbances, the ai)8ides, or exhemtiips 
of the major axes of all the orbits, have* a direct but 
variable motion in space, excepting those of the urhit of 
Venus, whicli are retrograde (N. lil), and the lines of 
the nodes move with a variable veliicity In a conlTary 
direction. Bejsiiles these, the inclination and ecren- 
Ltricity of every orbit are in a state of perpetniil but slow 
lohunge. These oOecte result from the disturbing action 
B 
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of all the planets on each. But as it is only necessaiy 
to estimate the disturbing influence of one body at a 
time, what follows may convey some idea of tihe manner 
in which one planet disturlra the eUiptical moticm of 
unother. 

Suppose two planets moving in ellipses round the sun; 
if one of them attracted the other and the sun witli 
equal intensity, and in parallel directions (N. 62), it 
would have no effect in disturbing the elliptical motion. 
The inequality of this attraction is the sole cause of 
perturbation, and the difference between the disturbing 
planet's action on the sun and on the disturbed planet 
constitutes the disturbing force, which consequently 
varies in intensity and direction with every change in 
the relative positions of the three bodies. Although 
both the sun and planet are under the influence of the 
disturbing force, the motion of the disturbed planet is 
referred to the center of the sun as a fixed point, for 
convenience. The whole force (N. 63) which disturbs 
a planet is equivalent to three partial forces. One of 
these acts on the disturbed planet, in the direction of a 
tangent to its orbit, and is caUed the tangential force : it 
occasions secular inequalities in the form and position of 
the orbit in its own plane, and is the sole cause of the 
periodical perturbations in the planet's longitude. An- 
other acts upon the same body in the direction of its 
radius vector, that is, in the line joining the centers of 
the sun and planet, and is called the radial force : it 
produces periodical changes in the distance of the planet 
from the sun, and aflects the form and position of the 
orbit in its own plane. The third, which may be called 
the perpendicular force, acts at right angles to the plane 
of the orbit, occasions the periodic inequalities in the 
planet's latitude, and affects the position of the orbit 
with regard to the plane of the ecliptic. 

It has been observed, that the radius vector of a 
planet moving in a perfectly eUiptical orbit, passes over 
equal spaces or areas in equal times; a circumstance 
which is independent of the law of the force, and would 
be the same whether it varied inversely as the square 
of the distance, or not, provided only that it be directed 
to the center of the sun. Hence the tangential force. 
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oot being directed to the ceater, occasions an unequable 
description of areas, or, what is the same thing, it dis- 
mrbs the motion of the planet in longitude. The tan- 
gential force sometimes accelerates the {Janet's motion, 
sometimes retards it, and occasionally has no effect at all. 
^Tere the orbits of both planets circular, a complete 
compensation would take place at each revolution of the 
t^wo planets, because the arcs in which the accelerations 
Bknd retardations take place, would be symmetrical on 
each side of the disturbing forcQ. For it is clear, that 
i£ the motion be accelerated through a certain space, and 
-th.en retarded through as much, the motion at the end 
of the time will be the same as if no change had taken 
place. But, as the orbits of the planets are ellipses, this 
symmetry does not hold ; for, as the planet moves un- 
equably in its orbit, it is in some positions more directly, 
and for a longer time, under the influence of the dis- 
turbing force than in otliers. And although multitudes 
of variations do compensate each other in short periods, 
there are others, depending on peculiar relations among 
the periodic times of the planets, which do not compen- 
sate each other till after one, or even till after many 
revolutions of both bodies. A periodical inequality of 
this kind in the motions of Jupiter and Saturn, has a 
period of no less than 918 years. 

The radial force, or that part of the disturbing force 
which acts in the direction of the line joining the centers 
of the sun and disturbed planet, has no effect on the 
areas, but is the cause of periodical changes of small 
extent in the distance of the planet from the sun. It 
has already been shown, that the force producing per- 
fectly elliptical motion varies inversely as the square of 
the distance, and that a force following any other law 
would cause the body to move in a curve of a very dif- 
ferent kind. Now, the radial disturbing force varies 
directly as the distance ; and, as it sometimes combines 
with and increases the intensity of the sun's attraction 
for the disturbed body, and at other times opposes and 
consequently diminishes it, in both cases it causes the 
^n's attraction to deviate from the exact law of gravity, 
and the whole action of this compound central force on 
the disturbed body is either greater or less than what is 
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requisite for perfectly elliptical motion. When greater, 
the curvature of the disturbed planet's path on leaving 
its perihelion (N. 64), or- point nearest the sun, is 
greater than it would be in the ellipse, which brings the 
planet to its aphelion (N. 65), or point farthest from the 
sun, before it has passed through 180°, as it would do 
if undisturbed. So that in this case the apsides, or ex- 
tremities of the major axis, advance in space. When 
the central force is less than the law of gravity requires, 
the curvature of the planet's path is less than the cor* 
vature of the ellipse. So that the planet, on leaving its 
perihelion, would pass through more than 180° before 
arriving at its aphelion, which causes the apsides to re- 
cede in space (N. 66). Cases both of advance and re- 
cess occur during a revolution of the two planets ; but 
those in which the apsides advance, preponderate. 
This, however, is not the full amount of the motion of 
the apsides ; part arises also from the tangential force 
(N. 63), which alternately accelerates and retards the 
velocity of the disturbed planet. An increase in the 
planet's tangential velocity diminishes the curvature of 
its orbit, and is equivalent to a decrease of central force. 
On the contrary, a decrease of the tangential velocity, 
which increases the curvature of the orbit, is equivalent 
to an increase of central force. These fluctuations, 
owing to the tangential force, occasion an alternate re- 
cess and advance of the apsides, after the manner 
already explained (N. 66). An uncompensated portion 
of the direct motion arismg from this cause, conspures 
with that already impressed by the radial force, and in 
some cases even nearly doubles the direct motion of 
these points. The motion of the apsides may be repre- 
sented, by supposing a planet to move in an ellipse, 
while the ellipse itself is slowly revolving about the sun 
in the same plane (N. 67). This motion of the major 
axis, which is direct in all the orbits except that of the 
planet Venus, is irregular, and so slow, that it requires 
more than 109,830 years for the major axis of the 
earth's orbit to accomplish a sidereal revolution (N. 68), 
that is, to return to the same stars ; and 20,984 years 
to complete its tropical revolution (N. 69), or to return 
to the same equinox. The difference between these 
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two periods arises from a retrograde motion in the 
equinoctial point, which meets the advancing axis be- 
fore it has completed its revolntion with regard to the 
stars. The major axis of Jupiter's orbit requires no 
less than 200,610 years to perform its sidereal revolution, 
and 22,748 years to accomplish its tropical revolution 
from the disturbing action of Saturn alone. 

A variation in the eccentricity of the disturbed planet's 
orbit, is an immediate consequence of the deviation from 
elliptical curvature, caused by the action of the dis- 
turbing force. When the path of the body, in pro- 
ceeding from its perihelion to its aphelion, is more curved 
than it ought to be from the effect of the disturbing forces, 
it falls within the elliptical orbit, the eccentricity is di- 
minished, and the orbit becomes more neariy circular ; 
when that curvature is less than it ought to be, the path 
of the planet falls without its elfiptical orbit (N. 66), and 
the eccentricity is increased : during these changes, the 
length of the major axis is not altered, the orbit outy 
bn^s out, or 4>ecomes more flat (N. 70). Thus the 
variation in the eccentricity arises from the same cause 
that occasions the motion of the apsides (N. 67). There 
is an inseparable connection between these two ele- 
ments; they vary simultaneously, and have the same 
period ; so that while the major axis revolves in an im- 
mense period of tame, the eccentricity increases and 
decreases by very small quantities, and at length returns 
to its original magnitude at each revolution of the ap- 
sides. The terrestrial eccentricity is decreasing at the 
rate of about 40 miles annually ; and, if it were to de- 
crease equably, it would be 39,861 years before the 
earth's orbit became a circle. The mutual action of 
Jupiter and Saturn occasions variations in the eccentri- 
city of both orbits, the greatest eccentricity of Jupiter's 
orbit corresponding to the least of Saturn's. The 
period in which these vicissitudes are accomplished is 
70,414 years, estimating the action of these two planets 
alone : but if the action of all the (Janets were estimated, 
the cycle would extend to millions of years. 

• That part of the disturbing force is now to be con- 
sidered which acts perpendicularly to the plane of the 
ovbit, ciiaang periodic pertnrfaataons in latitude, secular 
2 b2 
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Tarintions in tha inclination of the oibtt^ and a retrograde 
motion lo Ha nodes on tbe true pkne of the ecliptic 
{N. 71)* This force tetidi to pull the disturbed body 
above, or push (N* 72) it below, the plane t»f its orbit, 
according to the relative positions of the two planets with 
regard to the sun, considered to be fixed. By this 
action, it sometimes makes the plane of the orbit of the 
disturbed body tend to coincide with the plane of the 
ecliptici and Bomclimes increases its inclination to that 
plane. In consequence of w^hich, it» nodes alternntely 
recede or advance on the ecliptic (N» 7^1). When tii© 
disturbing planet Is in the line of the disturbed planet's 
nodes (N, 74), it neither aD'eci!^ these pomta, the latitude, 
nor the inclination, because both planets are then in the 
same plane. When it is lit ri^ht angles to the line of 
the nodes, and the orbit symmetrical on each side of the 
disturbing force, the average tnotton of these points, 
after a revolution of the disturbed body, is retrograde, 
and comparutiveiy rapid ; but when the disturbing planet 
m so situated that the orbit of the disturbed planet ia not 
symmetrical on each side of the disturbing force, which 
is most frequently the case, every possible variety of 
action takes p1ace> Conseqnently, the nodes are per- 
petually advancing or receding with unequal velocity; 
but, as a compensation is not eifectedi their motion la, 
on the whole, retrograde. 

With regard to the variations in the inclination, it is 
clear, tliat, when the orbit is symmetrical on e«ch side 
of the di&turbing force, all its variations are compensated 
after a revolution of the disturbed body, and are merely 
periodical perturbations in the planet's latitude ; and no 
secular change m induced in the iucUnation of the orbit* 
When, on the coutraryi that oibit is not symmetrical on 
each side of the disturbing force, although many of the 
variations in latitude are transient or periodicalj stilU 
after a complete revolution of the disturbed body, a 
portion remains uncompensated, which forms a secular 
change in the inclination of the orbit to the plane of the 
ecliptic. It is true, part of tliis secular change in the 
inclination is compensated by the revolution of the dis- 
turbing body, whose motion has not hitherto been taken 
into the account, so that perrurbatiou compensates per- 



turbation ; but atili a cornpar» lively pennancsnt change 
^ effected in the inclinaliotiT which ia not compensated 
hill the nodes have accomplished a cetxipLete revolution. 
K^ The changes in the inchnation are extremely mi utile 
■^. 75), compared with the motion of the nodes, and 
Bere is the same kindof insepnrable connection between 
meir secular changes ttiat there is between the vormtion 
|p the eccentricity and the motion of the major axia. 
Vhe nodes and inclinations vary fiimultancously, their 
fcerjods are the same, and very great. The nodes of 
Bupirers orbit, from the action of Saturn aloue^ require 
B6>261 years to accomplish even a tropical revolution. 
Bn what precedes, the influence of only one disturbing 
Body has been considered ; but when the action and re- 
pletion of the whole system is taken into Bccount, every 
blimet is acted upon, and does itself act, in this manneri 
Ku all the others ; and the Joint effect keeps the incli- 
bations and eccentricities in a state of perpetual variation. 
Kt makes the nmjor axis of all the orbits continually re- 
M>Ive, and causes, on an average, a retrograde motion of 
Bie nodes of each orbit upon eveiy other. The ecliptic 
l|N< 71) itself is in motion from the mutual action of the 
Biuth and pfanels, so that the whole is a compound phe- 
BOmenon of grent complexity^ extending through un- 
Hjliiown ages. At the present time the inclinations of all 
phe orbits are decreasing, but so slowly, that the incH- 
■mtion of Jupiter's orbit is only about six minutes less 
■han it was in the nge of Ptolemy. 

■ But, in the midst of all these vicissitudes^ the length 
kf the major axis and the mean motions of the planets 
fee main permanently bi dependent of secular changes* 
nhey are so connected by Kepler's law, of the squares 
fef the periodic times being ])roportional to the cubes of 
Kie mean distances of the planets from the sun, that one 
■annot vary without BtTecting the other. And it ig 
ferovedt that any variations which do take place are 
Bmnsient^ and depend only on the relative positions of 
phe bodies. 

m>' It is true that, according to theory, the radial disturb- 
feig force should permanently alter the dimensions of all 
■be orbits, and the periodic times of all the planets, to a 
feartaiDL degree. For examploi the tnaa&es of all tbA 
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planets revobiDg within the orbit of any one, such as 
Mars, by adding to the interior mass, increase the at- 
tracting force of the sun, which, therefore, must con- 
tract the dimensions of the orbit of that planet, and di- 
minish its periodic time ; while the planets exterior to 
Mars' orbit must hav6 the contrary effect. But the 
mass of the whole of the planets and satellites taken to- 
gether is so small, when compared with that of the sun, 
that these effects are quite insensible, and could only 
have been discovered by theory. And, as it is certain 
that the length of the major axes and the mean motions 
are not permanently changed by any other power what- 
ever, it may be concluded that they are invariable. 

With the exception of these two elements, it appears 
that all the bodies are in motion, and every orbit in a 
state of perpetual change. Minute as these changes 
are, they might be supposed to accumulate in the course 
of ages, sufficiently to derange the whole order of na- 
ture, to alter the relative positions of the plaqets, to put 
an end to the vicissitudes of the seasons, and to bring 
about collisions which would involve our whole syste^ 
now so harmonious, in chaotic confusion. It is natural 
to inquire, what proof exists that nature will be pre- 
served from such a catastrophe ? Nothing can be known 
from observation, since the existence of the human race 
has occupied comparatively but a point in duration, 
while these vicissitudes embrace myriads of ages. The 
proof is simple and conclusive. All the variations of 
the solar system, secular as well as periodic, are ex- 
pressed analytically by the sines and cosines of circular 
arcs (N. 76), which increase with the time ; and, as a 
sine or cosine can never exceed the radius, but must 
oscillate between zero and unity, however much the 
time may increase, it follows that, when the variations 
have accumulated to a maximum, by slow changes, in 
however long a time, they decrease, by the same slow 
degrees, till they arrive at their smallest value, again to 
begin a new course ; thus forever oscillating about a 
mean value. This circumstance, however, would be 
insufficient, were it not for the small eccentricities of 
the planetary orbits, their minute inclinations to the 
plane of ^e ecliptic, and the revolutions of all the bodies, 
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•s well planets as satellites, in the same direction. 
These secure the perpetual stability of the solar system 
(N. 77). The equilibrium, however, would be de- 
' ranged, if the planets moved in a resisting medium 
(N. 78) sufficiently dense to diminish their tangential 
velocity, for then both the eccentricities and the major 
axes of the orbits would vary with the time, so that the 
stability of the system would be ultimately destroyed. 
The existence of an ethereal fluid is now proved ; and 
although it is so extremely rare that hitherto its effects 
on the motions of the planets have been altogether in- 
sensible, there can be no doubt that, in the immensity 
of time, it will modify the forms of the planetary orbits, 
and may at last even cause the destruction of our sys- 
tem, which in itself contains no principle of decay, unless 
a rotatory motion from west to east has been given to this 
fluid by the bodies of the solar system, which have all 
been revolving about the sun in that direction for un- 
known ages. This rotation, which seems to be highly 
probable, may even have been coeval with its creation. 
Such a vortex would have no effect on bodies moving 
with it, but it would influence the motions of those re- 
volving in a contrary direction. It is possible that the 
disturbances experienced by comets which have already 
revealed the existence of this fluid, may also, in time, 
disclose its rotatory motion. 

The form and position of the planetary orbits, and the 
motion of the bodies in the same direction, together with 
the periodicity of the terms in which the inequalities 
are expressed, assm'e us that the variations of the sys- 
tem are confined within very narrow limits, and that, 
although we do not know the extent of the limits, nor 
the period of that grand cycle which probably embnices 
millions of years, yet they never will exceed- what is 
requisite for the stability and harmony of the whole, for 
the preservation of which every circumstance is so beau- 
tifully and wonderfully adapted. 

The plane of the ecliptic itself, though assumed to be 
fixed at a given epoch for the convenience of astronomi- 
cal computation, is subject to a minute secular variation 
of 45"*7, occasioned by the reciprocal action of the plan- 
eta. But, as this is also periodical, aud cawnot «v:A«d 
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2° 42\ the terrestrial e<jUfttor, which h incVined to it at 
an angle of 23^ 27' 34'''69» will never coincide w^ith the 
plane of the ecliptic : so there never can be perpetual 
spring (N. 79). The rotation of the eartli m uniform ; 
therefore day and nighti summer and winter, will con- 
tinue their vicissitudes while the system endureSf or is 
undisturbed by foreign causes. 

»'* Yonder stariy sphere 
Of planets anti of fix'd, in a!l her wheels 
Resembles nearest mnzes intricste, 
Eccentric, intervolved^ yet rBgular^ 
Then m08t» when most irregular they seem." 
The atability of our system was established by La 
Grange : " a discovery »" snya Professor Play fair, " that 
must render the name forever memornble in science, 
and revered by those who delight in the contemplation 
of whatever is excellent and sublime.'* After Newion's 
discovery of the mechanical laws of the elliptical orbits 
of the planets. La Grange's discovery of their periodical 
inequalities is, without doubts the noblest truth in physi- 
cal astronomy ; and in respect of the doctrine of final 
causes, it may be regarded as the greatest of all. 

Notwithstanding the permanency of our system, the 
secular variations in the planetary orbits would have 
been extremely embarrassing to astronomers w4ien it 
became necessary to compare observations sepnrated by 
long perimls. The difficulty was in part obviated, and 
the principle for accomplishing it established, by La 
Place, and has since been extended by M, Poinsot, It 
appears thnt there exists? an invariable plane (N* 80), 
passing through the center of gravity of the systetUf 
about which the wiiole oscillates within very narrow 
limits » and tiiat this plane will always remitin parallel to 
itsell^ whatever changes time may induce in the orbits 
of the planets, in the platie of the elliptic, or even in 
the law of gravitation; provided only that our system 
remains unconnectnd with any Other. The potiilion of 
the plane is determined by this property — that, if each 
particle in the system be multiplied by the area de- 
■cribed upon this plan in a given time, by the projection 
of its radius vector about the common center of gravity 
of the whole, the sum of all these products will be a 
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maumum (N. 81). La Place found that the plane in 
question is inclined to the ecliptic at an angle of nearly 
1^ 34' 15", and that, in passing through the sun, and 
about midway between the orbits of Jupiter and Saturn, 
it nuiy be regarded as the equator of the solar system, 
dividing it into two parts, which balance one another in 
an their motions. This plane of greatest inertia, by no 
means peculiar to the solar system, but existing in every 
system of bodies submitted to their mutual attractions 
only, always maintains a fixed position, whence the 
oscillations of the system may be estimated through 
unlimRed time. Future astronomers will know, from 
its immutability or variation, whether the sun and his 
attendants are connected or not with the other systems 
of the universe. Should there be no Uvk between them, 
it may be inferred, from the rotation of the sun, that 
the center of gravity (N. 82) of the system situate within 
his mass describes a straight line in this invariable plane 
or great equator of the solar system, which, unaffected 
by the changes of time, will maintain its stability through 
endless ages. But, if the fixed stars, comets, or any 
unknown and unseen bodies, affect our sun and planets, 
the nodes of this plane will slowly recede on the plane 
of that immense orbit which the sun may describe about 
some most distant center, in a period which it transcends 
tiie powers of man to determine. There is every rea- 
son to believe that this is the case ; for it is more than 
probable that, remote as the fixed stars are, they in 
some degree influence our system, and that even the 
invariabibty of this plane is relative, only appearing fixed 
to creatures incapable of estimating its minute and slow 
changes during the small extent of time and space grant- 
ed to the human race. **The development of such 
changes,'' as M. Poinsot justly observes, ** is similar to 
an enormous curve, of which we see so small an arc, 
that we imagine it to be a straight line.'* If we raise 
our views to the whole extent of the universe, and con- 
sider the stars, together with the sun, to be wandering 
bodies, revolving about the common center of creation, 
we may then recognize in the equatorial plane passing 
through the center of gravity of the universe the only 
instance of absolute and eternal repose* 
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All the perio^c and secular inequalities deduced from 
the law of gravitation are so perfectly confirmed by 
observation, that analysis has become one of the most 
certain means of discovering the planetary irregularities, 
either when they are too smaU, or too long in their 
periods, to be detected by otlier methods. Jupiter and 
Saturn, however, exhibit inequalities which for a long 
time seemed discordant with that law. All observations, 
from those of the Chinese and Arabs down to the pres- 
ent day, prove that for ages the mean motions of Jupiter 
and Saturn have been affected by a great inequality of 
a very long period, forming an apparent anomaly in the 
theory of the planets. It was long known by observa- 
tion that five times the mean motion of Saturn is nearly 
equal to twice that of Jupiter: a relation which. the 
sagacity of La Place perceived to be the cause of a 
periodic UTegularity in the mean motion of each of these 
planets, which completes its period in nearly 918 years, 
the one being retarded while the other is accelerated ; 
but both the magnitude and period of these quantities 
vary in consequence of the secular variations in the 
elements of the orbits. Suppose the two planets to be 
on the same side of the sun, and all three in the same 
straight line, they are then said to be in conjunction 
(N. 83). Now, if they begin to move at the same time, 
one making exactly five revolutions in its orbit, while the 
other only accomplishes two, it is clear that Saturn, the 
slow-moving body, will only have got through a part of 
its orbit during the time that Jupiter has made one 
whole revolution and part of anoAier, before they be 
again in conjunction. It is found that during this time 
their mutual action is such as to produce a great many 
perturbations which compensate each . other, but that 
there still remains a portion outstanding, owing to the 
length of time during which the forces act in the same 
manner ; and if the conjunction always happened in the 
same point of the orbit, this uncompensated inequahty 
in the mean motion would go on increasing till the peri- 
odic times and forms of the orbits were completely and 
permanently changed : a case that would actually take 
place if Jupiter accomplished exactly five revolutions in 
the time Satiirn performed two. These revolutions 
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are, however, not exactly commensurable ; the points in 
which the conjunctions take place are in advance each 
time as much as 8° '37 ; so tlmt the conjunctions do not 
happen exactly in the -same points of the orbits till after 
a period of 850 yeai's ; and, in consequence of this small 
advance, the planets are brought into such relative posi- 
tions that the inequahty which seemed to threaten the 
stability of the system is completely compensated, and 
the bodies, having retmmed to the same relative positions 
with regard to one another and the sun, begin a new 
course. The secular variations in the elements of the 
orbit increase the period of the inequality to 918 years 
(N. 84). As any perturbation which affects the mean 
motion affects also the major axis, the disturbing forces 
tend to diminish the major axis of Jupiter's orbit and 
increase that of Saturn's during one half of the period, 
and the contrary during the other half. This inequality 
is strictly periochcal, since it depends upon the configura- 
tion (N. 85) of the two planets ; and theory is confirmed 
by observation, which shows that, in the coui*se of twenty 
centuries, Jupiter's mean motion has been accelerated 
by about 3° 23', and Saturn's retarded by 5° 13'. Sev- 
eiral instances of perturbations of this kind occur in the 
aohir system. One, in the mean motions of the Earth 
and Venus, only amounting to a few seconds, has been 
recentfy worked out with immense labor by Professor 
Airy. It accomplishes its changes in 240 years, and 
arises from the circumstance of thirteen times the peri- 
odic time of Venus being nearly equal to eig^t times 
that of the Earth. Small as it is, it is sensible in the 
motions of the Earth. 

It might be imagined that the reciprocal action of such 
planets as have satellites would be different from the 
influence of those that have none. But the distances of 
the satellites from their primaries are incomparably less 
than the distances of the planets from the sun, and from 
one another; so that the system of a planet and its 
satellites moves nearly as if all these bodies were united 
in their common center of gravity. The action of the 
sun, however, in some degree disturbs the motion of the 
satellites about their primary. 

C 
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Section IV. 

Theory of JapUer't Satellitoa-^ffecCs of the Fi|^rtt of Jopitor upoD Us 



Satellites—Position of their Orbit*— Sinrolar Laws'among the ifodai„ 
of the first three Satellites— EdipMS of ^e SatellitM— Voloeitj of Ligkt 
— Aberration — Ethereal Medium — Satellites of Saturn aad Uraaoji. 

The changes which take place in the planetary aya- 
tem are exhibited on a smaller scale by Jupiter and hit 
satellites ; and, as the period requisite for the develop- 
ment of the inequalities of these moons only extends to 
a few centuries, it may be regarded as an epitome of 
that grand cycle which will not be accomplished by the 
planets in myriads of ages. The roT^dutions of the 
satellites about Jupiter are precisely similar to those of 
the planets about die sun : it is true they are disturbed 
by the sun, but his distance is so great, that their 
motions are nearly the same as if they were not under 
his influence. The satellites, like the phnets, were 
probably projected in elliptical orbits : but, as the masses 
of the satellites are nearly 100,000 times less than that 
of Jupiter ; and as the compression of Jupiter'a sphe* 
roid is so great, in consequence of his rapid rotation, 
that his equatorial diameter exceeds his polar diameter 
by no less than 6000 miles; the immense quantity of 
prominent matter at his equator must soon hare giren 
the circular form observed in the orbits of the first and 
second satellites, which its superior attraction will al- 
ways maintain. The third and fourth satellites, being 
farther removed from its influence, revolre in orbits 
with a very small eccentricity. And although the first 
two sensibly move in circles, their orbits acquire a 
small ellipticity, from the disturbances they experience 
(N. 86). 

It has been stated, that the attraction of a s|^ere on 
an exterior body is the same as if its mass were united 
in one particle in its center of gravity, and therefiore 
inversely as the square of the distance. In a spheroid, 
however, there is an additional force arising £rom the 
bulging mass at its equator, which, not foj^wing the 
exact law of gravity, acU as a disturbing force. Ono 
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effect of tliis distarbing force in the spheroid of Jupiter 
is, to occasioii a direct motion in the greater axes of the 
orbits of all his satellites, which is more rapid the 
nearer the satellite is to tiie planet, and very much 
greater than that part of their motion which arises from 
3ie disturbing action of the sun. The same cause 
occasions the orbits of the satellites to remain nearly in 
tho plane of Jupiter*s equator (N. 87), on account of 
which the satellites are always seen nearly in the same 
line (N. 88) ; and the powerful action of that quantity 
of pronainent matter is the reason why the motions of 
the nodes of these small bodies are so much more rapid 
than those of the planet. The nodes of the fourth 
satellite accomplish a tropical revolution in 531 years; 
while those of Jupiter*s orbit require no less than 
36,261 years ;— a proof of the reciprocal attraction be- 
tween each particle of Jupiter's equator and of the 
satellites. In fact, if the satellites moved exactly in the 
plane of Jupiter's equator, they would not be pulled 
out of that plane, because his attraction would be equal 
on both sides of it. But, as their orbits have a small 
inclination to the plane of the planet's equator, there 
is a want of symmetry, and the action of the protuberant 
matter tends to make the nodes regress by pulling the 
satellites above or below the planes of their orbits ; an 
action which is so great on the interior satellites, that 
the motions of tiieir nodes are nearly the same as if no 
other disturbing force existed. 

The orbits of the satellites do not retain a permanent 
inclination, either to the plane of Jupiter's equator, or 
to that ^f his orbit, but to certain planes passing between 
the two, and through their intersection. These have a 
greater inclination to his equator the farther the satel- 
lite is removed, owing to the influence of Jupiter's 
compression ; and they have a slow motion correspond- 
ing to secular variations in the planes of Jupiter's orbit 
and equator. 

The satellites are not only subject to periodic and 
secular inequalities from their mutual attraction, similar 
to those which aflect the motions and orbits of the 
planets, but also to others peculiar to themselves. Of 
the periodic inequalities arising from their uvvUuaI ^V 
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traction, the most remarkable take place in the angulnr 
motions (N. 89) of the three nearest to Jupiter, the 
second of whicn receives from the first a perturbation 
similar to that which it produces in the third ; and it 
experiences from the third a perturbation similar to that 
which it communicates to the first. In the eclipses 
these two inequalities are combined into one, whose 
period is 437*659 days. The variations peculiar to the 
satellites arise from the secular inequalities occasioned 
by the action of the planets in the form and position of 
Jupiter's orbit, and from the displacement of his equatmr. 
It is obvious tiiat whatever alters the relative positions 
of the sun, Jupiter, and his satellites, must occasion, a 
change in the directions and intensities of the forces, 
which will affect the motions and orbits of the satellites; 
For this reason the secular variations in the eccen- 
tricity of Jupiter's orbit occasion secular inequalities in 
the mean motions of the satellites, and in the motions 
of the nodes and apsides of their orbits. The displace* 
ment of the orbit of Jupiter, and the variation in the 
position of his equator, also affect these small bodies 
(N. 90). The plane of Jupiter's equator is inclined to 
the plane of his orbit at an angle of 3° 6' 30'', so that 
the action of the sun and of the sateUites themselves 
produces a nutation and precession (N. 91) in his equa- 
tor, precisely similar to that which takes place in the 
rotation of the earth, from the action of the sun and 
moon. Hence the protuberant matter at Jupiter's equa- 
tor is continually changing its position with regard to 
the satellites, and produces corresponding mutations in 
their motions. And, as the cause must be proportional 
to the effect, these inequalities afford the means, not 
only of ascertaining the compression of Jupiter's sphe- 
roid, but they prove that his mass is not homogeneous. 
Although the apparent diameters of the satelhtes are 
too small to be measured, yet their perturbations give 
the values of their masses with considerable accuracy — - 
a striking proof of the power of analysis. 

A singular law obtains among the mean motions and 
mean longitudes of the first three sateUites. Jt appears 
from observation that the mean motion of the first 
BBtelhte, plus twice that of the third, is equal to three 
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times that of the second ; and that the mean longitude 
of the firat satellite, minus three times Ihat S[ the 
second, plus twice that of the third, is always equal to 
two right angles. It is proved by theory, that if these 
relations had only been approximate when the satellites 
were first launched into space, their mutual attractions 
would have established and maintuned them, notwith- 
standing tiie secular inequalities to which they are 
liable. They extend to the synodic motions (N. 92) of 
the sateUites; consequently they affect their eclipses, 
and have a very great influence on their whole theory. 
The satellites move so nearly in the plane of Jupiter's 
equator, which has a very small inclination to his orbit, 
that the first three are eclipsed at each revolution by 
the shadow of the planet, which is much larger than 
the shadow of the moon: the fourth satellite is not 
eclipsed so frequently as the others. The eclipses 
take place close to the disc of Jupiter when he is near 
opposition (N. 93); but at^imes his shadow is so pro- 
jected with regard to the earth, that the thu-d and 
fourth satellites vanish and reappear on the same side 
of the disc (N. 94). These eclipses are in all respects 
similar to those of the moon: but, occasionally, the 
satellites eclipse Jupiter, sometimes passing like obscure 
spots across nis surface, resembling annular eclipses of 
the sun, and sometimes like a bright spot traversing one 
of his dark belts. Before opposition, the shadow of the 
satelfite, like a round black spot, precedes its passage 
over the disc of the planet ; and after opposition, the 
shadow fi)lk>ws the satellite. 

In consequence of the relations already mentioned in 
the mean motions and mean longitudes of the first three 
satellites, they never can be all eclipsed at the same 
time. For when the second and third are in one direc- 
tion, the first is in the opposite direction ; consequently, 
when the first is eclipsed, the other two must be be- 
tween the sun and Jupiter. The instant of the begin- 
ning or end of an eclipse of a satellite marks the same 
instant of absolute time to all the inhabitants of the 
earth; therefore, the time of these eclipses observed 
by a traveler, when compared with the time of the 
eclipse computed for Greenwich, or any other fixed 
c3 
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meridinTi (N. 95), givei the difference of the merldtfiDS 
in time, and, cOQsequenlh% the longitude of the place of 
obseiTanoD. Thts eclipses of Jupiter's sntellites have 
been the memia of a discovery which» though not so 
immediately applicable to the WHUts of rniin^ unfotds ' 
one of the properties of light— that medium without I 
whose cheering influeDce all the beauties of the creation 
would have been to us a bknk. It is observed, that 
those eclipses of the Brat satellite, which happen when 
Jupiter 19 near conjunction (N. 96 L are later by 16* 
26*^6 tiiaD those which t^ke place wnen the plnnet is in 
opposition. As Jupiter is nearer to us when in opposi- 
tion by tbe whole breadth of the earth's orbit than 
wliea in conjuactton» this circumstance is nttributed to 
the time employed by the raya of light in crowing the 
earth's orbit, a distance of about 190,000,000 of miles ; 
whence it is estimated that light travels at the rate of 
190,000 miles in one second. Such is its velocity, that 
the earth, moving at the rate of nineteen miles in a 
second, would take two months to pass through a dis* 
tance which a my of light would dart over in eight 
minutes. The aubsequeut discovery of the aberration 
of light confirmed tbia astonishing result. 

Objects appear to be situated in the direction of the 
rays which proceed from them. Were light propagated 
instantaneously, every object, whether at rest or in mo- 
tion, would appear in the direction of these rays ; but 
as light takes some time to travel, we see Jupiter in 
conjuDctionH^ by means of rays that left him 16"" *26**6 be- 
fore ; butt during that time* we have changed our posi- 
tion, in consequence of the motion of the earth in its 
orbit t we therefore refer Jupiter to a place in which he 
is not. His true (losition is in the diagonal (N. 97) of 
the parailelogram, whose sides are in the ratio of tho 
velocity of light to the velocity of the earth in its orbit, 
which is as 190,000 to 19, or 10,000 to L In conse- 
quence of the aberration of light, the heavenly bodies 
seem to be in places in which they are not. In fact, if 
the t^artb were at rest, rays from a star would pass along 
tlie axis of a telescope directed to it ; but if the earth 
were to begin to move in ita orbit, with its usual velocity, 
these raya would strike against the side of the tube; it 
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would, therefiire, be necesavy to incline the telescope 
a fitlJe, in order to see the star. The angle containea 
between the axis of t)ie telescope and a Hne drawn to 
the troe place of the star, is its aberration, which Taries 
in qoanti^ and direction in different parts of the earth^s 
orbit ; bot as it is only 20''*36, il is iasensible in ordinary 
cases (N. 98). . 

The Telocity of li^^t deduced from the obserred aber- 
ration of the fixed stars perfectly corresponds with that 
giren by the ectipses of the first satellite. The same 
result, obtained from sources so different, leaves not a 
doubt of its tmth. Many such beautiful coincidences, 
derired from circumstances apparently the most un- 
pranoising and dissimilar, occur in physical astronomy, 
and prove connections which we might otherwise be un- 
able to trace. The identity of the velocity of light, at 
the distance of Jupiter, and on the earth's surface, shows 
tiliat its velocity is uniform ; and if light consists in the 
vibrations of an Mastic fluid or ether filling space, a hy- 
podiens vidiich accords best with observed phenomena, 
the un i form it y of its velocity shows that the density 
of tfae^ fluid uirou|!^iout the whole extent of the solar 
system must he proportional to its elasticity (N. 99). 
Among the fortunate conjectures which have been con- 
firmed by subsequent experience, that of Bacon is not 
the least remarkable. ^* It produces in me,** says the 
restorer of true philosophy, " a doubt whether the face 
of the serene and starry heavens be seen at the instant 
it really exista, or not tUl some time later : and whether 
there be not, with respect to the heavenly bodies, a true 
time and an apparent time, no less than a true place 
and an apparent place, as astrommiers say, on account 
of parallax. For it seems incredible that the species or 
rays of the celestial bodies can pass through the im- 
mense interval between them and us in an instant, or 
that they do not even require some considerable portion 
of time." 

Great discoveries generally lead to a variety of con- 
clusions : the aberration of light affords a direct {H'oof of 
the motion of the earth in its orbit ; and its rotation is 
proved by tlie theory of falling bodies, since the centri- 
fugal force it induces retards ^ oscillatioDS of the pen- 
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duium (N. 100^ in going from the pole to the equatinr. 
Thus a high aegree of scientific knowledge has been 
requisite to dispel the errors of the senses. 

The little that is known of the theories of the satel- 
tites of Saturn and Uranus, is, in all respects, similar to 
that of Jupiter. SifeORias accompanied by seven satel- 
lites, the most distai^%f which is about the size of the 
planet Mars. Its orbit has a sensible inclination to the 
plane of the ring ; but the great compression of Saturn 
occasions the other satellites to move nearly in the plane 
of his equator. So many circumstances must concur to 
render the two interior satellites visible, that they have 
very rarely been seen. They move exactly at the edge 
of toe ring, and their orbits never deviate from its plane. 
In 1789, Sir William Herschel saw them, like beads, 
threading the slender line of light which the ring is re- 
duced to, when seen edgewise from the eartii. And 
for a short time he perceived them advancing off it at 
each end, when turning round in their orbits. The 
eclipses of the exterior satellites only take place when 
the ring is in this position. Of the situation of the equa- 
tor of Uranus we know nothing, nor of his comppession ; 
but the orbits of his satellites are nearly perpendicular 
to the plane of the ecliptic ; and, by analogy, they ought 
to be in the plane of his equator. Uranus is so remote 
that he has more the appearance of a planetary nebula 
than a planet, which renders it extremely difficult to 
distinguish the satellites at all ; and quite hopeless with- 
out such a telescope as is rarely to be met with even in 
observatories. Sir William Herschel discovered six, 
and determined the motions of two of them ; but from 
that time the position of the planet has been such as to 
render farther observations impossible. The. subject 
has recently occupied the attention of his son, who has 
found evidence of the general coirectness of his father^s 
views, and has been enabled to determine the elements 
of the motions of these minute objects with more accu- 
racy. The first satellite performs its revolution about 
Uranus in 8*^ 16^^ 56" 28"-6 ; and the second satellite ac- 
complishes its period in 13^ 11^ 7" 12«-6. The orbits of 
both seem to have an inclination of about 101^-2 to the 
plane of the ecliptic ; and their motions offer the singa- 
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iar phenomenon of being retrograde, or from east to 
west ; while all the planets and the other satellites re- 
▼olye in the contrary direction. Sir John Herschel could 
not perceive the smallest indication of a ring. 
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Our constant companion, the moon, next claims our 
attention. Several circumstances concur to render her 
motions the most interesting, and at the same time the 
most difficult to investigate, of all the bodies of our sys- 
tem. In the solar system, planet troubles planet ; but in 
the lunar theory, the sun is the great disturbing cause ; 
his vast distance being compensated by his enormous 
magnitude, so that the motions of the moon are more 
irregular than those of the planets ; and, on account of 
the great ellipticity of her orbit, and the size of the sun, 
the approximations to her motions are tedious and diffi- 
cult, beyond what those unaccustomed to such investiga- 
tions could imagine. The average distance of the moon 
from the center of the earth is only 237,360 miles, so 
that her motion among the stars is perceptible in a few 
hours. She completes a circuit of the heavens in 
27d 7I1 43m 48.7^ moving in an orbit whose eccentricity is 
about 12,985 miles. The moon is about four hundred 
times nearer to the earth than the sun. The proximity 
of the moon to the earth keeps them together. For so 
great is the attraction of the sun, that if the moon were 
farther from the earth, she would leave it altogether, and 
would revolve as an independent planet about the sun. 

The disturbing action (N. 101) of the sun on the moon 
is equivalent to three forces. The first, acting in the 
direction of the line joining the moon and earth, in- 
3 
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careases or diminishes her grsntj to the eardi. Tl 
second, acting in the directioo of a tangent to her orfoi 
distorfos her motion in loDgitnde ; and Ae third, actin 
perpendicularly to the plauDe of her orfoit, diatnrhs hi 
motion in latitude — diat is, it brings her nearer or r« 
moves her farther from &e plane of the ecHptic tha 
she would otherwise be. The periodic perturbation 
in the moon arising from these forces, are perfectly sin 
ilar to the periodic perturbations c^ Ae (Janets. Bi 
they are much greater and more numerous ; becaus 
the sun is so laj^e, that many inequalities which ar 
quite insensible in the motions of the j^anets, are c 
great magnitude in those of the moon. Among the in 
numerable periodic inequalities to which the moon' 
motion in longitude is liable, the most remarkable arc 
the Equation of the Center, which is the difference be 
tween the moon's mean and true longitude, the Evec 
tion, the Variation, and the Annual Equation. Th( 
disturbing force which acts in the fine joining the mooi 
and earth produces the Evectaon : it diminishes the ec 
centricity of the lunar orbit in conjunction and opposi 
tion, thereby making it more circular, and augments i 
in quadrature, which consequently renders it more elfip 
tical. The period of this inequality is less than thirty 
two days. Were the increase and diminution always 
the same, the Evection would only depend upon th« 
distance of the moon from the sun; but its absolute 
value also varies with her distance from the perigee 
^N. 102) of her orbit. Ancient astronomers, who ob- 
served the moon solely with a view to the prediction ol 
eclipses, which can only happen in conjunction and oppo- 
sition, where the eccentricity is diminished by the Evec- 
tion, assigned too small a value to the ellipticity of hei 
orbit (N. 193). The Evection was discovered by Ptole- 
my from observation, about a.d. 140. The variation 
produced by the tangential disturbing force, which is 
at its maximum when the moon is 46° distant from the 
Bun, vanishes when that distance amounts to a quadrant, 
nnd also when the moon is in conjunction and opposi- 
tion ; consequently, that inequality never could have 
been discovered from the eclipses: its period is half a 
lunar month (N. 104). The Annual Equation depends 
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npoo the snn^s distance from the earth : it arises from 
the moon's motion being accelerated when that of the 
earth is retarded, and vice versa — for when the earth is 
in its perihelion, the lunar orbit is enlarged by the ac- 
tion of the smi; therefore, the moon requires more 
time to perform her rerolution. But, as the earth ap- 
proaches its aphelion, the moon's orbit contracts, and 
less time is necessary to accomplish her motion — ^its 
period, consequently, depends upon the time of the 
year. In the eclipses, the annual equation combines 
with the equation of the center of the terrestrial orbit, 
so that ancient astronomers imagined the earth's orbit 
to have a greater eccentricity than modem astronomers 
assign to it. 

The planets disturb the motion of the moon both 
directly and . indirectly : their action on the earth alters 
its relative position with regard to the sun and moon, 
and occasions inequalities in the moon's motion, which 
are more considerable than those arising from their 
direct action ; for the same reason the moon, by disturb- 
ing the earth, indu*ectly disturbs her own motion. ' Nei- 
ther the eccentricity of the lunar orbit, nor its mean 
inclination to the plane of the ecliptic, have experienced 
any changes from secular inequalities; for, although 
the mean action of the sun on the moon depends upon 
the inclination of the lunar orbit to the ecliptic, and the 
position of the ecliptic is subject to a secular inequality, 
yet analysis shows that it does not occasion a secular 
variation in the inclination of the lunar orbit, because 
the action of the sun constantly brings the moon's orbit 
to the same inclination to the ecliptic. The mean mo- 
tion, the nodes, and the perigee, however, are subject 
to very remarkable variations. 

From the eclipse observed by the Chaldeans at Baby- 
lon, on the 19th of March, seven hundred and twenty- . 
one years before the Christian era, the place of the 
moon is known from that of the sun at the instant of 
opposition (N. 83), whence her mean longitude may be 
found. But the comparison of this mean longitude with 
another mean longitude, computed back for the instant 
of the eclipse from modem observations, shows that the 
moon performs her revolution round the earth more 
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rapidly and in a shorter time now than she did formeriy, 
and that the acceleration in her mean motion has been 
increasing from age to oge as the square of the time 
(N. 105). All ancient and intermediate eclipses confirm 
this result. As the mean motions of the planets hare 
no secular inequalities, this seemed to be an unaccount- 
able anomaly. It was at one time attributed to the re- 
sistance of an ethereal medium pervading space, and at 
another to the successive transmission of the gravitating 
force. But as La Place proved that neither of these 
causes, even if they exist, have any influence on the 
muoons of the lunar perigee (N. 102) or nodes, they 
could not affect the mean motion; a varia^n in the 
mean motion from such causes being inseparably con- 
nected with the variations in the motions of the perigee 
and nodes. That great mathematician, in studying the 
theory of Jupiter*s satellites, perceived that the secular 
variation in the elements of Jupiter's orbit, from the 
action of the planets, occasions corresponding changes 
in the motions of the satellites, which led hun to sus- 
pect that the acceleration in the mean motion of the 
moon might be connected with the secular variation in 
the eccentricity of the terrestrial orbit. Analysis has 
shown that he assigned the true cause of the acceleration. 
It is proved that the greater the eccentricity of the 
terrestrial orbit, the greater is the disturbing action of 
the sun on the moon. Now as the eccentricity has 
been decreasing for ages, the etfect of the sun in dis- 
turbing the moon has been diminishing during that tame. 
Consequently the attraction of the earth has had a more 
and more powerful effect on the moon, and has been 
continually diminishing the size of the lunar orbit. So 
that the moon^s velocity has been gradually augmenting 
for many centuries to balance the increase of the earth^s 
attraction. This secular increase in the moon's velocity 
is called the Acceleration, a name peculiarly appropriate 
at present, and which will continue to be so for a vast 
number of ages ; because, as long as the earth's eccen- 
tricity diminishes, the moon's mean motion will be ac- 
celerated ; but when the eccentricity has passed its 
minimum, and begins to increase, the mean motion will 
be retarded from age to age. The secular acceleration 
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is now abotit 11"*9, but its effect on the moon's place 
Increases as the square of the time. It is remarkable 
that the action of the planets, thus reflected by the sun 
to tiie moon, is much more sensible than their direct 
action either on the earth or moon. The secular dimi- 
nution in the eccentricity, which has not altered the 
equation of the center of the sun by eight minutes since 
the earliest recorded eclipses, has produced a variation 
of about 1° 48' in the moon^s longitude, and of 7° 12' in 
her mean anomaly (N. 106). 

The action of the sun occasions a rapid but variable 
motion in the nodes and perigee of the lunar orbit. 
Though the nodes recede during the greater part of the 
moon's revolution, and advance during the smaller, they 
perform their sidereal revolution in 6793'* 9^ 23° 9* -3 ; 
and the perigee accomplishes a revolution in 3232^ 13^ 
48" 29**6, or a little more than nine years, notwith- 
standing its motion is sometimes retrograde and some- 
limes direct: but such is the diiference between the 
disturbing energy of the sun and that of all the planets 
put toge&er, that it requires no less than 109,830 years 
for the greater axis of the terrestrial orbit to do the 
same, moving at the rate of ir'«8 annually. The form 
of the earth has no sensible eflect either on the lunar 
nodes or apsides. It is evident that the same secular 
variation which changes the sun's distance from the 
earth, and occasions the acceleration in the moon's mean 
motion, must affect the nodes and perigee. It conse- 
quently appears, from theory as well as observation, that 
both these elements are subject to a secular inequality, 
arising from the variation in the eccentricity of the 
earth's orbit, which connects them with the Acceleration, 
so that both are retarded when the mean motion is an- 
ticipated. The secular variations in these three ele- 
ments are in the ratio of the numbers 3, 0'735, and 1 ; 
whence the three motions of the moon, with regard to 
the sun, to her perigee, and to her nodes, are continu- 
ally accelerated, and their secular equations are as the 
numbers 1, 4'702, and 0-612. A comparison of ancient 
eclipses observed by the Arabs, Greeks, and Chaldeans, 
imperfect as they are, with modern observations, con- 
firms these results of analysis. Future ages will de- 
D 
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vebp those gvent iiieqimlities^ 'which at some most 
distant permtl will amount to many circumferences 
(N. ll»7). They are, iodec^d^ periodic; but who shall 
tell their period ? Millions of years must elapse before 
that great cycle is ficcomplished. 

The moon is so ncar^ that the excess of matter at the 
earth's equator occasions periodic variations in her Ion- 
gitude^ and also that remurkablo inequality in her lati- 
tude, ah-eady nientioQed as a nutation in the lunar orbit, 
which diminishes its inchimtion to the ecliptic when the 
moon'g ascending node coincides with the «qiiioox of 
spring, and augnienbi it wiicn that node coincides with 
the equinox of autumn. As the cause must be proper* 
tionai to the ctfoctT a comparison of those inequalities,, 
computed from theoryi with the same given by obser- 
vation^ shows that the compression of the terrestrial 
spheroid^ or the ratio of the difference between the 
polar and the equatorial diameters, to the diameter of 
the equator, is ^7^5, ^15- ^* ^^ proved analytically, that if 
a fluid mass of homogeneous matter, whose particles 
attract each otlier inversely as the squares of the dis- 
tance, w^ere to revolve about an axis as the earth does, 
it would assume the forui of a spheroid wdiose compres- 
sion is 1^^. Since that is not the case, the earth can- 
not be homogeneous, but must decrease in density from 
its center to its circumference. Thus the mooe'a 
©cli[}ses show the earth to be round; and her inequali*] 
ties not only determine the form, but even the internal | 
structure of our planet; results of analysis which could | 
not have been antici|)ated. Similar inequahties ifi the 
jnotioiis ol" Jupiter's satelliteB prove that his mass is not 
homogeneous^ and that his compression is y^.j, Hia 
equatorial diameter exceeds his polar diameter by &baii]^| 
eOOO miles. 

The phases (N* 106) of the moon, which vary from I 
a slender silvery crescent soon after conjunction to 
complete circular disc of hght in opposition, decrease by| 
the same degrees till the moon is again enveloped itt^ 
the morning beams of the sun. These changes regulate 
the returns of the eclipses. Those of the sun can only 
happen in conjunction, when the moon, coming betweea 
the earth aiad the sun, intercepts his light. Those ^ 
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the moon are occasioned by the earth intervening be- 
tween the sun and moon when in opposition. As the 
earth is opaque and nearly spherical, it throws a conical 
shadow on the side of the moon opposite to the sun, the 
axis of which passes through the centers of the sun and 
earth (N. 109). The length of the shadow terminates 
at the point where the apparent diameters (N. 110) 
of the sun and earth would be the same. When the 
moon is in opposition, and at her mean distance, the 
diameter of the sun would be seen from her center 
under an angle of 1918"-1. That of the earth would 
appear under an angle of 6908'^*3. So that the length 
of the shadow is at least three times and a half greater 
than the distance of the moon from the earth, and the 
breadth of the shadow, where it is traversed by the 
moon, is about eight-thirds of the lunar diameter. Hence 
the moon would be eclipsed every time she is in oppo- 
sition, were it not for the inclination of her orbit to the 
plane of the ecliptic, in consequence of which the moon 
when in opposition is either above or below the cone of 
the earth's shadow, except when in or near her nodes. 
Her position with regard to them occasions all the vari- 
eties in the lunar ectipses. Every point of the moon's 
surface successively loses the light of different parts of 
the sun's disc before being eclipsed. Her brightness 
therefore gradually diminishes before she plunges into 
the earth's shadow. The breadth of the space occupied 
by the penumbra (N. Ill) is equal to the apparent di- 
ameter of the sun, as seen from the center of the moon. 
The mean duration of a revolution of the sun, with re- 
gard to the node of the lunar orbit, is to the duration of 
a synodic revolution (N. 112) of the moon as 223 to 19. 
So that, after a period of 223 lunar months, the sun and 
moon would return to the same relative position with 
regard to the node of the moon's orbit, and therefore 
the eclipses would recur in the same order, were not 
the periods altered by irregularities in the motions of 
the sun and moon. In lunar eclipses, our atmosphere 
bends the sun's rays which pass through it all round 
into the cone of the eaith's shadow. And as the hori- 
fsontal refraction (N. 113) or bending of the rays sur- 
passes half the sum of the semidiameters of the sun 
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and moon, divided liy their mutual diatnnce, tlie center 
of the Immr thsc^ supposed in be in the axis of the 
shadow, would receive the rays frcim tlie same point of 
the aun^ round all sides of the eaitht so thnt it would be 
joore ihuminated than in full nwon» if the greater por- 
tion of the hght were not stopped or absorbed by the 
atmosphere. Instances nro recorded where this feeble 
hght has been entirely absorbedT so that the moon iiBS 
altogetlier dlsapp eared in her eclipses. 

The sua is eclipsed when the moon intercepts his 
rays (N. 114). The moon, though incomparably smaller 
than the sun, is so much noHrer the earth , that her 
apparent diameter dilferB but little from his» but both 
are liable to such variations, that they alternately sur- 
pass one another. Were the eye of a spectator in the 
same straight line with the centers of the sun and moon, 
he would see the sun eclipsed. If the apparent dinme- 
ter of the moon surpassed that of the sun, the eclipse 
would be tot4iL If it were less, the observer would see 
a ring of liglit round the disc of the moon, and tha 
eclipse would be annular, as it was on the 17th of May, 
1836- If the center of the moon should not be in the 
straight line joining the centers of the sun and the eye 
of the obseiTcr, the moon might only eclipse a part of 
the sun- The variation, therefore, in the distances of 
the sun and moon fixim the center of tlie earth, and of 
the moon from her node at the instBnt of conjunction, 
occasions great varieties in the solar echpses. Besides, 
the height of the moon above the horizon changes her 
apparent diameter, and may augment or diminish the 
apparent distances of the centers of the sun and moon» 
so that an eclipse of the sun may occur to die inhabit 
tant« of one countiy, and not to those of another. In 
this respect the solar eclijises dill'er from tlie lunar, 
which are the same for every pai't of the earth where 
the moon is above the horizon. In solar eclipses, the 
hght reflected by the atmosphere diminishes the obscu- 
rity they produce. Even in total eclipses the higher 
part of the atmosphere is enlightened by a part of the 
sun's disc, and reflects it^ rays to the earth. The whole 
disc of the new moon ia frequently visible from atmoa- 
pberic reflection. 
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A phenomeiioD iltogedier nnprecedentBd oecurred 
daring die total ecfipse of the sun which happened on 
tifte 8tli of July, 1842. The moon wms like m Uack 
patch on the sky snrroonded by m fiunt whitish fight 
aboDt the eighth of the moon's diameter in breadth, in 
which three red flames appeared in form like the teeth 
of a saw ; from what caose they originated, or what 
they were, is totally unknown. 

Planets sometimes eclipse one another. On the 17th 
€i May, 1737, Mercury was eclipsed by Venus near 
their inferior conjunction; Mars passed over Jupiter on 
die 9th of January, 1591 ; and on the 30th of October, 
1825, the moon eclipsed Saturn. These phenomena, 
however, happen very seldom, because all the planets, 
or even a part of them, are very rarely seen in con- 
junction at once ; that is, in the same part of the heav- 
ens at the same time. More than 2500 years before 
our era, the ^ve great pknets were in conjunctioii. On 
the 15th of September, 1166, a similar assemblage took 
place between the constellations of Virgo and Libra; 
and in 1801, the moon, Jupiter, Saturn, and Venus 
were united in the heart of the Lion. These conjunc- 
tions are so lyre, that Lalande has computed that more 
than seventeen millions of millions of years separate the 
epochs of the contemporaneous conjunctions of the six 
great planets. 

The motions of the moon have now become ci more 
importance to the navigator and geogra|rfier than those 
of any other heavenly body, from the precision with 
which terrestrial longitude is determined by oocuhations 
of stars, and by lunar distances. In conseq[uence of the 
retrograde motion of the nodes of the lunar orbit, at the 
rate of 3' 10"-64 daily, these points make a tour of the 
heavens in a little more than eighteen years and a hail 
This causes the moon to move round the earth in a kind 
of spiral, so that her disc at different times passes over 
every point in a zone of the heavens extending rather 
more than 5^ 9^ on each side of the ecliptic. It is there- 
fore evident, that at one time or other she must eclipse 
every star and planet she meets with in this space. 
Therefore the occultation of a star by the moon is a phe- 
nomenon of frequent occurrence. The moon seems to 
1*2 
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ity; but the other, being at a tangent to the surface, 
ur^^cs the particles towiird the equator, where they bc- 
cuiTiuIrtte till their nTinibers compensate the diminution 
of gravitj^^, which rnnkes the mass bulge at the equator, 
and become llEittened iit the poles. It appears, then, tliat 
the uiflueoce of the ceoti'ifugal force is most powertnl lit 
the equator, not only because it is fictually gi'eater there 
than elsewhere, but because its whole effect is employed 
in diminishing gmvity, whereas, iu every other point of 
the fluid mass, it is only a part that is so employed. For 
both these reasons, it gitidualJy decreases toward the 
poles, where it ceases. On the contraiy, gravity is least 
at the equntor, because the particles are farther frora 
the center of the mass, and increnses to>vard the poles, 
where it is ^g at est. It is evident, therefore, that, as 
the centrifugal force is much loss than the force of grav- 
ity — gi-avitation, which is the difference between the 
tW0| is least at the equator, and continually increases 
toward the poles, where it is a mnximum. On theso 
principles Sir Isajic Newton proved tlmt a homogeneous 
fluid (N. 118) mass in rotation assumes the form of an 
ellipsoid of revolution (N, 119), whose compression is 
^ij. Such, however, cannot be the form of the earth, 
Because tho strata increase in density toward the center. 
The lunar inequalities also prove the earth to be so con- 
structed; it WHS requisite, therelere, to consider the fluid 
mass to be of variable density. Including this condition, 
it has been found that the mass, when in rotation, would 
still assume the form of an ellipsoid of revolution ; that 
the particles of equal density would arrange themselves 
in concentric elliptical strata (N. 120), the most dense 
being in the center; but that the compression or flat- 
tening would bo less than in the case of the homogone* 
oua fluid. The compression is still less when the mass 
m considered to be, as it actually is, a solid nucleus, de- 
creasing regularly in density from the center to the sur- 
face, and partially covered by the ocean, because the 
solid parts, by their cohesion, nearly destroy that pnrt 
of the centril'ugHl force which gives the particles a ten- 
dency to accumulate at the equator, though not alto- 
gether ; othei'wise the sea, by the superior mobility of 
its particles, would flow toward the equator aud leave 
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the poles dry. Beside, it is weU known, that the con- 
tinents at the equator are more elevated than they are 
in higher latitudes. It is also necessary for the equili- 
brium of the ocean, that its density should be less than 
the mean density of the earth, otherwise the continents 
would be perpetually liable to inundations from storms, 
and other causes. On the whole, it appears from the- 
ory, that a horizontal line passing round the earth 
through both poles, must be nearly an ellipse, having its 
major axis in the plane of the equator, and its minor 
axis coincident with, the axis of the earth's rotation 
(N. 121). It is easy to show, in a spheroid whose 
strata are eDiptical, that the increase in the length of 
the radii (N. 122), the decrease of gravitation, and the 
increase in the length of .the arcs of the meridian, cor- 
responding to angles of one degree, from the poles to 
the equator, are all proportional to the square of the co- 
sine of the latitude (N. 123). These quantities are so 
connected with the ellipticity of the spheroid that the 
total increase in the length of the radii is equal to the 
compression or flattening, and the total diminution in the 
length of the arcs is equal to the compression, multi- 
plied by three times the length of an arc of one degree 
at the equator. Hence, by measuring the meridian 
curvature of the earth, the compression, and conse- 
quently its figure, become known. This, indeed, is as- 
suming the earth to be an ellipsoid of revolution, but 
the actual measurement of the globe will show how far 
it corresponds with that solid in figure and constitution. 

The courses of the great rivers, which are in general 
navigable to a considerable extent, prove that the cui-va- 
ture of the land differs but little from that of the ocean ; 
and as the heights of the mountains and continents are 
inconsiderable when compared with the magnitude of 
the earth, its figure is understood to be determined by 
a surface at every point perpendicular to the direction 
of gravitation, or of the plumb-line, and is the same 
which the sea would have, if it were continued all round 
the earth beneath the continents. Such is the figure 
that has been measured in the foUowing manner : — 

A terrestrial meridian is a line passing through both 
poles, all the points of which have their noon contem- 
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poraneously. "Were the lengtlis and curvatures of dif- 
fer© lit mciridiiiiiH known, the tif;ur« of the earth might= 
be detemiiued. But the lengtli of one degi'e© is suffi- 
cient to give the figure of tbe earth, if it be meaaiired 
on differeDt ni*^ridiBus, and in a variety of kritndes* For 
if the earth were a sphere, all dej^rees weuM be of the 
same length ; but if not, the lengthij of the degrees 
would be gi'eater, exuctly m proportion hb tbe curvature 
is less. A corapnrison of the length of a degree in dif- 
ferent parts of the earth's sudace, will therefore deter* 
mine its size and form. 

An arc of tbe nitYridian niay be uiea^sured by observ- 
ing the latitude of ita extreme points (N. 1'24), and then 
measunng the dihtance between them in feet or fftlh- 
omB. The distance tbus determiued on tbe aui-face of 
the eartli, divided by the dep'ees and parts of a degi^ee 
contained in the diderence of the Intitudes^ will give tlxe 
exact length of ouo degiee, the difference of tbe lati- 
tudes being the angle contained between the verticals 
at the extrennties of the urc This would be easily iic- 
eompbshed wore the distance unobstructed, and on a 
level with the aea. But, on account of the innumerable 
obstacies on the Hurface of the earth, it is necessary to 
connect the extreme points of tlie arc by a series of tri- 
angles (N. V25)^ the sides and angles of whicii are tither 
measured or computed, so that the length of the arc is 
ascertained with mucli laborious calculation. In conse- 
quence of the irregularities of tlie surface, each triangle 
is in a difierent plane. They must therelbre be reduced 
by computation to what they would iiuve been litid they 
been measured on the suiface of the sea. And as the 
eajth may in this case be esteemed spherical, they re- 
fpiire a correction to reduce theni to sjiberical triangles* 
The gentlemen who conducted tbe tTigonomeirical sur- 
vey, in niesisuring 500 feet of a bnse in Ireland liivice 
over, found tlmt the difference in the two measurements 
t!id not amount to the 800th part of uu inch. Such is 
the accuracy with which these operations are conducts 
ed, and which they rucjuire. 

Arcs of the meridian have been measured in a variety 
of latitudes north and south, as well as arcs per|)eudicu- 
lar to the meridian. From these measurements it ap- 
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pears that the length ()f the degrees increases from the 
equator to the poles, nearly in proportion to the square 
of the sine of the latitude (N. 126). Consequently, the 
€>onvexity of the earth diminishes from the equator to 
the poles. 

Were the earth an ellipsoid of revolution, the merid- 
ians would be ellipses whose lesser axes would coincide 
with the axis of rotation, and aU the degrees measured 
hetween the pole and the equator would give the same 
compression when combined two and two. That, how- 
ever, is far from being the case. Scarcely any of the 
measurements give exactly the same results, chiefly on 
account of local attractions, which cause the plumb line 
to deviate from the vertical. The vicinity of mountains 
has that effect. But one of the most remarkable, though 
not unprecedented, anomalies takes place in the plains of 
the north of Italy, where the action of some dense sub- 
terraneous matter causes the plumb-line to deviate seven 
or eight times more than it did from the attraction of 
Ohimborazo, in the experiments of Bouguer, while 
measuring a degree of the meridian at the equator. In 
consequence of this local attraction, the degrees of the 
meridian in that part of Italy seem- to increase toward 
the equator through a small space, instead of decreasing, 
as if the earth was drawn out at the poles, instead of 
being flattened. 

Many other discrepancies occur, but from the mean 
of the ^e principal measurements of arcs in Peru, India, 
France, England, and Lapland, Mr. Ivory has deduced 
that the figure which most nearly follows this law is an 
ellipsoid of revolution whose equatorial radius is 3962-824 
miles, and the polar radius 3949*585 miles. The difler- 
ence, or 13'239 miles, divided by the equatorial radius, 
is -^hf nearly. This fraction is called the compression 
of the earth, and does not differ much from that given 
by the lunar inequalities. If we assume the earth to 
be a sphere, the length of a degree of the meridian is 
69^ British miles. Therefore 360 degrees, or the 
whole circumference of the globe, is 24,856 miles, and 
the diameter, which is something less than a third of 
the circumference, is about 7916, or 8000 miles nearly. 
Eratosthenes, who died 194 years before the Christian 
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era, was tho first to jy;ivo an flpproxhuato vidne jf the 
earth's circumierence^ by the measurement of nn arc 
between Alexandria and Syene. 

There is another method of finding the figure of the 
emtb, totally difTerent from the preceding^ solely depend- 
ing upon the iocreaae of gravitation from the equator to 
tbe poles. The force of gravitation at any place is 
measured by the descent of a heavy bf>dy during the first 
second of its full. And the intensity of the centrifugal 
force is measured by the deflection of any point from the 
tangent, in a second. For, since the centrifugal force bal- 
ances the attraction of the eurtli^ it is an cs act measure of 
the gravitating force. Were the atti'action to cease, a body 
on the auiface of the eattli would fly off in the tangent 
by the centrifugal force, instead of bending round in the 
circle of rotation. Therefore, tho deflt^ction of the cir- 
cle from the tangent in a second mensures the intensity 
of the earth's altraction, and is equal to the vorsetJ sin© 
of the arc described during that time, a quantity etusiJy 
determined from the known velocity of the earth's rota- 
tion. Whence it has been found, that at the equator 
the centrifugal force is equal to the !289th part of gravity. 
Now, it is proved by analysis that w^hatever the consti- 
tution of the earth and planets may be, if the intensity 
of gravitation at the equator bo taken equul to unity, the 
sum of the compression of the ellipsoid, aod the whole 
incj-eiLse of gravitation from the equator to the pole, is 
equal to five halves of the ratio of the centrifugal force 
to gravitation at the equator. This quantity with regard 
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Consequently, the 



compression of the earth is equal to y^j.;:? diminished by 
the wdiole increase of gmvitation. So that its form will 
be known, if the whole increase of gmvitation from the 
equator to the pole can be determined by experiment. 
This has been accomplished by a method founded upon 
the following considerations : — If the earth were a homo- 
geneous sphere without rotation, its attraction on bodies 
at its surface w^ould be everywhere tho same. If it 
be ellipticid and of variuble density, the force of gravity, 
theoretically, ought to increase from tlie equator to tho 
pole, as umtypius a constant quantity midtiphed into the 
sqanra of the sine of the latitude (N, l*2n)- But for a 
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spheroid in rotation, the centrifugal force varies, by the 
^tws of mechanics, as the square of the sine of the lati- 
tude, from the equator, where it is greatest, to the pole, 
where it vanishes. And as it tends to make bodies fly 
off the surface, it diminishes the force of gravity by a 
small quantity. Hence, by gravitation, which is the dif- 
ference of these two forces, the iall of bodies ought to 
be accelerated from the equator to the poles proportion- 
ably to the square of the sine of the latitude ; and the 
weight of the same body ought to increase in that ratio. 
This is directly proved by the oscillations of the pendu- 
lum (N. 127), which, in fact, is a falling body ; for if the 
faH of bodies be accelerated, the oscillations will be more 
rapid : in order, therefore, that they may always be per- 
formed in the same time, the length of the pendulum 
must be altered. By numerous and careful experi- 
ments, it is proved that a pendulum which oscillates 
86,400 times in a mean day at the equator, will do the 
same at eveiy point of the earth^s surface, if its length 
be increased jJrogressively to the pole, as the square of 
the sine of the latitude. 

From the mean of these it appears that the whole 
decrease of gravitation from the poles to the equator is 
O'005.1449, which, subtracted from yy-j.o* shows that 
the compression of the terrestrial spheroid is about 
sJy-^F* This value has been deduced by the late Mr. 
joaily, president of the Astronomical Society, who has 
devoted much attention to this subject ; at the same 
time, it may be observed that no two sets of pendulum 
experiments give the same result, probably from local 
attractions. Therefore, the question cannot be con- 
sidered as definitively settled, though the differences 
are very small. The compression obtained by this 
method does not differ much from that given by the 
lunar inequalities, nor from the arcs in the direction of 
the meridian, and those perpendicular to it. The near 
coincidence of these three values, deduced by methods 
so entirely independent of each other, shows that the 
mutual tendencies of the centers of the celestial bodies 
to one another and the attraction of the earth for bodies 
at its surface result from the reciprocal attraction of all 
their particles. Another proof may be added. The 
4 E 
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nntataon of the earth's axis and the precession of the 
equinoxes (N. 143) are occasioned bj the action of the 
son and moon on the protaberant matter at the earth's 
equator. And althon^ these inequalities do not gi?e 
the absolute value of the terrestrial compression, &y 
show that the fraction expressing it is comprised be- 
tween the limits ^ and ^. 

It might be expected that tlie same compression 
should result from each, if the different methods of ob- 
servation could be made without error. This, however, 
is not the case ; for, after allowance has been made for 
every cause of error, such discrepancies are found, both 
in the degrees of the meridian and in the length of the 
pendulum, as show that the figure of the earth is veiy 
complicated. But they are so small, when compared 
with the general results, that they may be disregarded. 
The compression deduced from the mean of the whole 
appears not to differ much from jJt ? *^*^ given by the 
lunar theory has the advantage of being independent of 
the irregularities of the earth*s surface and of local at- 
tractions. The regularity with which the observed 
variation in the length of the pendulum follows the law 
of the square of the sine of the latitude, proves the 
strata to be elliptical, and symmetrically disposed round 
the center of gravity of the earth, which affords a strong 
presumption in favor of its original fluidity. It is re- 
markable how little influence the sea has on the varia- 
tion of the lengths of the arcs of the meridian, or on 
gravitation ; neither does it much affect the lunar ine- 
qualities, from its density being only about a fifth of the 
mean density of the earth. For, if the earth were to 
become a fluid, after being stripped of the ocean, it 
would assume the form of an ellipsoid of revolution 
whose compression is ^J^.^, which differs very Uttle 
from that determined by obsei-vation, and proves, not 
only that the density of the ocean is inconsiderable, but 
that its mean depth is very small. There may be pro- 
found cavities in the bottom of the sea, but its mean 
depth probably does not much exceed the mean height 
of the continents and islands above its level. On this 
account, immense tracts of land may be deserted or 
overwhelmed by the ocean, as appears really to have 
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been the case, without any great change in the form of 
the terrestrial spheroid. The variation in the length o£ 
the pendulum was first remarked by Richter in 1672, 
while observing transits of the fixed stars across the 
meridian at Cayeune, about five degrees north of the 
equator. He found that his clock lost at the rate of 
2« 28" duly, which induced him to determine the 
length of a pendulum beating seconds in that latitude ; 
and repeating the experiments on his return to Europe, 
he found the seconds* pendulum at Paris to be more 
than the twelfth of an inch longer than that at Cayenne. 
The form and size of the earth being determined, 
a standard of measure is furnished with which the di- 
mensions of the solar system may be compared. 



Section VII. 



Parallax— Lunar Parallax found from direct Observation— Solar Parallax 
dadooed from the Transit of Venus— Distance of the Sun from th* 
£arth — ^Annual Parallax — ^Distance of the Fixed Stars. 

The parallax of a celestial body is the angle under 
which the radius of the earth would be seen, if viewed 
from the center of that body ; it affords the means of 
ascertaining the distances of the sun, moon, and planets 
(N. 128). When the moon is in the horizon at the 
instaut of rising or setting, suppose lines to be drawn 
from her center to the spectator and to the center of the 
earth ; these would form a right-angled triangle vrith 
the terrestrial radius, which is of a known length ; and 
as the parallax or angle at the moon can be measured, 
all the angles and one side are given ; whence the 
distance of the moon from the center of the earth may 
be computed. The parallax of an object may be found, 
if two observers under the same meridian, but at a very 
great distance from one another, observe its zenith 
distances on the same day at the time of its passage 
over the meridian. By such contemporaneous obser- 
vations at the Cape of Good Hope and at Berlin, the 
mean horizontal parallax of the moon was found to be 
d459'% whence the mean distance of the moon is about 
sixty times the mean terrestrial radius, or 237,360 miles 
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nearly. Since the parallax is equal to the radins of &e 
earth divided by the distance of the moon, it varies with 
the distance of the moon from the earth under the 
same parallel of latitude, and proves the ellipticity of the 
lunar orbit. When the moon is at her mean distance, 
it varies with the teirestrial radii, thus showing that 
the earth is not a sphere (N. 129). 

Although the method described is sufficiently accurate 
for finding the parallax of an object as near as the moon, 
it will not answer for the sun, which is so remote that 
the smallest error in observation would lead to a false 
result. But that difficulty is obviated by the transits of 
Venus. When that planet is in her nodes (N. 130), or 
within 1}° of them, that is, in, or nearly in, the plane 
of the ecliptic, she is occasionally seen to pass over the 
sun like a black spot. If we could imagine that the sun 
and Venus had no parallax, the line described by the 
planet on his disc, and the duration of the transit, would 
be the same to aU the inhabitants of the earth. But as 
the semi-diameter of the earth has a sensible magnitude 
when viewed from the center of the sun, the line de- 
scribed by the planet in its passage over hb disc appears 
to be nearer to his center, or farther from it, according 
to the position of the observer ; so that the duration of 
the transit varies with the different points of the earth's 
surface at which it is observed (N. 131). This differ- 
ence of time, being entirely the effect of parallax, fur- 
nishes the means of computing it from the known 
motions of the earth and Venus, by the same method as 
for the eclipses of the sun. In fact, the ratio of the 
distances of Venus and the sun from the earth at the 
time of the transit are known from the theory of their 
elliptical " motion. Consequently the ratio of the paral- 
laxes of these two bodies being inversely as their dis- 
tances, is given ; and as the transit gives the difference of 
the parallaxes, that of the sun is obtained. In 1769. the 
parallax of the sun was determined by observations of a 
transit of Venus made at Wardhus in Lapland, and at 
Otaheite in the South Sea. The latter observation was 
the object of Cook's first voyage. The transit lasted 
about six hours at Otaheite, and the difference in dura- 
tion at these two stations was eight minutes ; whence 
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the 8011*8 horizonta] parallax was fouod to be 8''*72. 
But by other considerations it has been reduced by 
Professor Encke to S^'^dTTG; from which the mean 
distance of the sun appears to be about ninety-five mil- 
lions of miles. This is confirmed by an inequality in the 
motion of the moon, which depends upon the parallax of 
the sun, and which, when compared with observation, 
gives S^^'G for the sun^s parallax. 

The parallax of Venus is determined by her transits ; 
that of Mars by direct observation, and it is found to be 
nearly double that of the sun, when the planet is in 
opposition. The distance of these two planets from 
the earth is therefore known in terrestrial radii, conse- 
quently their mean distances from the sun may be 
computed; and as the ratios of the distances of the 
planets from the sun are known by Kepler's law, of the 
squares of the periodic times of any two planets being 
as the cubes of tliebr mean distances from the sun, their 
absolute distances in miles are easily found (N. 132). 
This law is very remarkable, in thus uniting all the 
bodies of the system, and extending to the satellites as 
well as the planets. 

Far as the earth seems to be from the sun, Uranus is 
no less than nineteen times &rther. Situate on the 
▼erge of the system, the sun must appear to it not 
much lai^er than Venus does to us. The earth cannot 
even be visible as a telescopic object to a body so re- 
mote. Yet man, the inhabitant of the earth, soars 
beyond the vast dimensions of the system to which his 
planet belongs, and assumes the diameter of its orbit 
as the base of a triangle whose apex extends to the 
stars. 

Sublime as the idea is, this assumption proves in- 
effectual, except in a very few cases ; for the apparent 
places of the fixed stars are not sensibly changed by the 
earth's annual revolution. With the aid derived from 
the refinements of modem astronomy, and of the most 
perfect instruments, a sensible parallax has been de- 
tected only in a very few of these remote suns, a Cen- 
tauri has a parallax of one second of space, therefore it 
is the nearest known star, and yet it is more than two 
hundred thousand times farmer from us than the sun 
k2 
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is. At such a distance not only the terrestrial orlnt 
shrinks to a point, but the whole solar system, seen in 
the tbcus of the most powerful telescope, might be 
eclipsed by the thickness of a spider's thread. Light, 
flying at the rate of 190,000 miles in a second, would 
take more than three years to travel over that space. 
One of the nearest stars may therefore have been 
kindled or extinguished more than three years, before 
we could have been aware of so mighty an event. But 
this distance must be small, when compared with that 
of the most remote of the bodies which are visible in 
the heavens. The fixed stars are undoubtedly luminous 
like the sun ; it is therefore probable that they are not 
nearer to one another than tlie sun is to the nearest of 
them. In the milky way and the other starry nebulae, 
some of the stars that seem to us to be close to others, 
may be far behind them in the boundless depths of 
space; nay, may be rationally supposed to be situate 
many thousand times farther off. Light would there- 
fore require thousands of years to come to the earth 
from those myriads of suns of which our own is but 
**the remote companion." 



Section VIII. 



Muses of Planets that have no Satellites determined from their Pertnrba* 
tions — Masses of the others obtained frcnn the Motions of their Satellites 
— Masses of the Sun, the Earth, of Jupiter, and of the Jovial System- 
Mass of the Moon — Real Diameters of Planets, how obtained-— -Size of 
San — Densities of the Heavenly Bodies — Formation of Astronomical 
Tables — Requisite Data and Means of obtaining them. 

The masses of such planets as have no satellites, are 
known by comparing the inequalities they produce in 
the motions of the earth and of each other, determined 
theoretically, with the same inequalities given by ob- 
servation; for the disturbing cause must necessarily 
be proportional to the effect it produces. The masses 
of the satellites themselves may also be compared with 
that of the sun by their perturbations. Thus, it is 
found, from the comparison of a vast number of observa- 
tions^ with Lft Place's theory of Jupiter's satellites, 
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that the mass of the sun is no less than 65,000,000 
times greater than the least of these moons. But as 
the quantities of matter in any two primary planets are 
directly as the cubes of the mean distances at which 
their satellites revolve, and inversely as the squares of 
their periodic times (N« 133), the mass of the sun and 
of any planets which have satellites may be compared 
with the mass of the earth. In this manner it is com- 
puted that the mass of the sun is 354,936 times that 
of the earth ; whence the great perturbations of the 
moon, and the rapid motion of the perigee and nodes of 
her orbit (N. 134). Even Jupiter, the largest of the 
planets, has recently been found by Professor Airy to 
be 1048*7 times less than the sun ; and, indeed, the 
mass of the whole Jovial System is not more than the 
1046*77th part of that of the sun. So that the mass of 
the satellites bears a very small proportion to that of 
their primary. The mass of the moon is determined 
from several sources — ^from her action on the terres- 
trial equator, which occasions the nutation in the axis of 
rotation; from her horizontal parallax; from an in- 
equality she produces in the sun's longitude ; and from 
her action on the tides. The three first quantities, 
computed from theory and compared ynth their ob- 
served values, give her mass respectively equal to the 
■fji ^j.ji and, ^^.2 part of that of the eeurth, which do 
not differ much from each other. Dr. Brinkley, Bishop 
of Cloyne, has found it to be -^j^ from the constant of 
hinar nutation; bat from the moon's action in raising 
the tides, her mass appears to be about the ifj part of 
that of the earth — a value that cannot differ much from 
the truth. 

The apparent diameters of the sun, moon, and planets 
are determined by measurement ; therefore, their real 
diameters may be compared with that of the earth ; for 
the real diameter of a planet is to the real diameter of 
the earth, or 7916 miles, as the apparent diameter of 
the planet to the apparent diameter of the earth as seen 
from the planet, that is, to twice the parallax of the 
planet. According to Professor Bessel, the mean ap- 
parent diameter of the sun is 1922", and with the solar 
parallax 8"'5776, it will be found that the diameter of 
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the sun ia about 886,877 miles. Thercforet if the cea — 
ter of the sun were to coincide with the ceoter of th^ 
earth, Ma volume would not only ioclutle the orbit of" 
the mooD, but would exteod nearly as far ngain ; for^ 
the mooa*a mean distance from the earth is about sixly^ 
times the earth's mean radius, or 237,360 miles : so that^ 
twice the distance of the moon is 474,720 miles, Tvhich. 
differs but little from the solar radius ; his equatorial 
radius ia probably not much less than the major axis of" 
the lunar orbit. The diameter of the moon ia only 2160 
miles ; and Jupiter's diameter of 97,000 miles is very 
much less than that of the sim ; the diameter of Pallas 
does not much exceed 79 miles, m tliat an inhabitant of 
that planet, in on© of our steam carriages, might go 
round his world in a few hotirs. 

The densities of bodlea are proportional to their 
masses, divided by their Tolumes, Hence, if the sun 
and planets be assumed to be spheres, their volumes 
will be as the cubes of their diameters. Now, the ap- 
parent diameters of tlie sun and earth, at their mean 
distance, are 1922'^ and 17''- 1552, and the mass of the 
eartli is the 354,936tii part of that of the sun taken as 
the unit. It follows, therefore, that the earth is nearly 
four times as dense as the sun. But the sun ia so large, 
that his attractive force would cause bodies to lYill 
through about S34'66 feet in a second. Consetiuontly, 
if he were habiteble by human beings, they would be 
unable to move, since their weight would be iliirtj'' times 
as great aa it is here, A man of moderate size would 
weigh about two tons at the surface of the sun ; where- 
as Fit the surface of the four new planets he would be go 
light, that it would be impossible to stand steady, since 
he would only weigh a few pouods. The mean density 
of the earth has been recently determined with a de- 
gree of accuracy that leaves nothing farther to be de- 
sired. Since a comparison of the action of two planets 
upon a third gives the ratio of the masses of these two 
planets, it is clear that if we can compare tlie effect of 
the whole earth with the effect of any part of it^ a com- 
parison may be instituted between the mass of the 
whole eaith and the mass of that part of it. Now a 
leaden hall was weighed agttinst the earth by comfrtiring 
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the effects of each upon a pendulnm ; the nearness of 
the smaller mass maldng it produce a sensible effect as 
compared with that of 3ie larger : for by the laws of 
attraction the whole earth must be considered as col- 
lected in its center. By this method it has been found 
that the mean density of the earth is 5*675 times greater 
than that of water at the temperature of 62° of Fahren- 
heit's thermometer. The late Mr. Baily, whose accu- 
racy as an experimental philosopher is acknowledged, 
was unremittingly occupied nearly four years in accom- 
plishing this very important object. All the planets and 
satelhtes appear to be of less density than the earth. 
The motion of Jupiter's sateUites show that his density 
increases toward his center. Were his mass homogene- 
ous, his equatorial and polar axis would be in the ratio 
of 41 to 36, whereas they are observed to be only as 41 
to 38. The singular irregularities in the form of Sat- 
urn, and the great compression of Mars, prove the in- 
ternal structure of these two planets to be very far from 
uniform. 

Before entering on the theory of rotation, it may not 
be foreign to the subject to give some idea of the meth- 
ods of computing the places of the planets, and of form- 
ing astronomical tables. Astronomy is now divided into 
the three distinct departments of theory, observation, 
and computation. Since the problem of the three bod- 
ies can only be solved by approximation, the analytical 
astronomer determines tiie position of a planet in space 
by a series of corrections. Its place in its circular orbit 
is first found, then the addition or subtraction of the 
equation of tiie center (N. 48) to or from its mean place, 
gives its position in the ellipse. This again is corrected 
by the application of the principal periodic inequalities. 
But as these ai*e determined for some particular position 
of the three bodies, they require to be corrected to suit 
other relative positions. This process is continued till 
the corrections become less than the errors of observa- 
tion, when it is obviously unnecessary to carry the ap- 
proximation further. The true latitude and distance of 
the planet from the sun are obtained by methods similar 
to those employed for the longitude. 

As the earth revolves equably about its axis in 24 



* 



t 



sbct. vni- 

hours, at the rate of 15° in an hour, time becomes a 
measure of aog^ular motion and the principal element in 
Hstroiioniy, where the object is to determine the exact 
state of the heave ns^ nnd the saccessjve changes it under- 
goes in all ages, past, present, and to come. Now the 
longitude, latitude, and distance of a planet from the 
fliin, are given in terma of the time, by generel nnnlytical 
formulfi!. These fonnulaEJ will consequently give the 
exact place of the body in the heavens, for any time as- 
sumed at pleasure, provided they can be reduced to 
numbers. But before the calculator begins his task, the 
observer must furnish the neces*?ary data, whicli are^ 
obviously, the tornis of the orbits, and their positions 
with regard to the plane of the ecliptic (N. 57). It lij 
therefore oecessaiy to determine by observation for each 
planet, the length of the major axis of its orbit, the ec- 
centi-icity, the inclination of the orbit to the plane of the 
ecliptic, the longitudes of its perihelion and ascending 
node at a given time, the periodic time of the planet, 
and its longitude at any instant arbitrarily assumed, as 
an origin from whence all its subsequent and antecedent 
longitudes are estimated. Encli of these quantities is 
determined from that position of the planet on which it 
has most influence. For exataiile, tho sum of the great- 
est and least distances of the planet from the sun is 
equal to the major axis of tlie orbit^ and their diflbrence 
is equal to twice the eccentricity. The longitude of the 
planet, when at its least distance from the sun, is the 
same with the longitude of tlje perilielion ; the greatest 
latitude of the planet is equal to tho inclination of the 
orbit; the longitude of tho planet, when in the plane of 
the ecliptic in ptissing toward the north, is the longitude 
of the ascending node, and the periodic time is the in- 
terval between two consecutive passages of the planet 
through the same node, a small correction being made 
for the precession of the node, during the revolution of 
the planet (N. 135). Notwith standing the excellence of 
instruments iind tlie accuracy of modern observers, una- 
voidable errors of observation can only be compensated 
by finding the value of each element from the mean of 
a thousand, or evon many thousands of observations. 
For aa it is probable that the errors ai-e not all in ono 



SKcrr.Vm. CX)RRECnON OF ELEMENTS. 59 

direction, but that some are in excess and others in de- 
fect, they win compensate each other when combined. 

However, the Talues of the elehaents determined sep- 
arately, can only be regarded as approximate, because 
they are so connected, that the estimation of any one 
independently, will induce errors in the others. The 
eccentricity depends upon the longitude of the perihe- 
lion, the mean motion depends upon the major axis, the 
longitade of the node upon tiie inclination of the orbit, 
and vice versd. Consequently, the place of a planet com- 
puted with the approximate data will differ n*om its ob- 
served place. Then the difficulty is to ascertain what 
elements are most in &ult, since the difference in ques- 
tion is the error of all ; that is obviated by finding the 
errors of some thousands of observations, and combining 
them, so as to correct the elements simultaneously, and 
to make the sum of the squares of the errors a minimum 
with regard to each element (N. 136). The method of 
accomplishing this depends upon the Theory of Proba- 
bilities ; a subject fertile in most important results in the 
various departments of science and of civil life, and quite 
indispensable in the determination of astronomical data. 
A series of observations continued for some years will 
give approximate values of the secular and periodic ine- 
qualities, which must be corrected from time to time, 
tin theory and observation agree. And these again will 
give values of the masses of the bodies forming the solar 
system, which are important data in computing their 
motions. The periodic inequalities derived from a great 
number of observations are employed for the determina- 
tion of the values of the masses tiU such time as the 
secular inequalities shaU be perfectly known, which wiU 
then give them with all the necessary precision. When 
aU these quantities are determined in numbers, the lon- 
gitude, latitude, and distance of the planet from the 
sun are computed for stated intervals, and formed into 
tables, arranged according to the time estimated from a 
given epoch, so that the place of the body may be deter- 
mined from them by inspection alone, at any instant, for 
perhaps a thousand years before and after that epoch. 
By this tedious process, tables have been computed for 
eleven planets^ besides the moon and the satellites q^ 
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Rotation ctf the Earth invariable— Decrease in the Eartb*a M«an TeTOpem- 

ture — ^Earth mi^nally in a State of Fusion— Lengtli of I>*t constant— 

I>eciea»e of Tempnrature ascribeij by Sir John Herschel to the VaristiiMt 

mthfl Ecfcentricity of thoTorrestriai Ortilt— DiflHrence in the TompeTv 

tare of the Twu lIcmisphereB, erroneously ascn^wd to the Eaccess in the 

Length of Sprinir and Summer in the Southern Heroiffphere ; ntlrihuled 

I by Mr, Lyeli to the Operatiui» of existing: CaaBea^-Three Principal Ajbb 

^^— of Rotatiyn— Position of the Axis of Kotatiou un the Surface of the Earlh 

^^K invariable — Oc^-nn not anfiicient to restore the Eqnihbriani of the Earth 

^B if derang^ed — lis D^n^ity and Mean Depth— In tfUny Slructor* of the 

^m Earth, ^ 

The rotation of the eaith, which determines the length 
of the day* may ha regarded as one of tlie mt*st iniport- 
fuit elements in tlie system of the world. It serves m 
01 measure of time, and forma the standard of com- 
parison for the revolutiona of the celpstial bodies, which 
by their proportional increase or decrease would soon 
disclose any cbanges it might sustain. Theory and 
observation concur in proving that amotig the inmumer- 
able vicissitudes which prevail thi'oughout creation, the 
period of the earth's diurnal rotatioti is inirau table. 
The water of rivers, falling from a higher to a lower 
level, carries with it the velocity due to its i^e volution 
with the earth at a greater distatice from the center ; it 
wiU therefore accelerate, although to an almost infinites- 
ima) extent, the eartli's daily rotation. The aum of all 
these increments of velocity arising from the descent of 
all the rivers ou the earth's smface would in time be- 
come perceptible, did not nature by the process of evap* 
oration raise the waters back to their sources ; and thus, 
by again removing matter to a greater distance from 
the center, destroy the velocity generated by its pre- 
vious approach ; so tlmt the descent of rivers does not 
affect the earth's rotation. Enormous masses projected 
by volcauos from the equator to the poles, and the con- 
trary, would indeed aflfect it, but there h no evidence of 
such convulsions. The disturbing action of the moon 
and planets, which has so powerful an eiVeet on the 
revolution of the earth, in no way influences its roU- 
tion. The constant friction of the trade-winds on the 
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lOUHtaiDS aod contineDte betweeti die tropics does not 
impede its velocity, which theorj even proves to be ihe 
same a.s if tbe sea together witli the eartli formed one 
solid mujsis. But although these circumstances be in* 
sufficienU a variation in the mean temperature would 
certainly occaBiou a curres ponding change in the vel<jcity 
of rotation. In the science of dynamics it is a principle 
iu a system of bodies or of particles revolving about a 
ed center, that the momentum or sum of the pro- 
lucts (if the mass of each into hs angular velocity and 
distance from the center is a constant quantity, if the 
system be not dernnj^ed by a forei^ cause. Now since 
the number of t^articlo^ in tbe system is the same what- 
ever its temperature may be^ when their distances from 
the center are diminished their angular velocity mast 
be iDcren.sedt in order that the preceding quantity may 
still remain constant. It follows then that as the primi- 
ve raoiTientum of rotation with which the earn tvii 
rojected into space must necessanly remain the Bame, 
e smallest decrease iu heat by contracting the terrea- 
ial spheroid would uccelemte its rotation, and cofu^- 
itiently dimiuisti the length of the day. Norwithstand- 
g the constant accession of heat from the sun*8 rayfi, 
ologists have been induced to believe from the iasail 
mains, that tlie mean temperature of the globe ts de- 
ireasmg. 
The high temperature of mines, hot spdngSf and 
ove all the internal fires which have produced and do 
^Mill occasion sucli devastation on our planet, indicate an 
gnientation of heat toward its center. The iucreaiie 
f density corresponding to the depth and the form of 
ih© spheroid being what theory assigns to a fluid maaa 
Iti rotation f concurs to indue u the idea that the tempera- 
ture of tbe earth was originally so high as to reduce all 
^ ■ e substances of which it is composed to a ataie of 
'itsion or of vapor* and that in the course of agea it has 
looled down to its present stat« ; that it is still becoming 
Ider, and that it will continue to do so till the whole 
lass arrives at the temperature of the medium in 
hich it ia placed, or niiher at a state of er|uilibrium 
between this temperature, tlie coohng power of ita own 
radiation^ and the heating effect of the sun's rays. 
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•erred in the rwl mnmiiiwii i^i- ^ T '^TT _ 

eren if the decraMuw tamneiuura rfrf!!^^? 

extreme^ stow in it. opentkm; fcr iTSjL^i 
the rottfion of the ewtfbehic . iiie^«^5^SS*!!^ 

lengA <^ the dmj hud decmaed hTthe tSwuLT 
•width part ctf m second miM Ae obeernitiw^^Ml^ 
^ns two thousand yejrs ago, it woold hwe dhiSi 
tiie secular eqaatioB of die moon Iit4''-4. It ^ IZ!!! 
fore beyond a doubt that the muf tempantiiS ?£ 
earth cannot have mmmhfy wied daEin/tih^T^ ff 
then the appearances ezhibitBd by the ^ntm mnalt 
ojpnng to a decrease of intemal tmnpmttiiK. it SS 
shows the immense periods nqniflitB to nZhMm^ 
]ogi«d changes, to wSESTtwrSSirf SSw^ 
notibtii^, or that the mean tenqMntoie of the earthhud 
orriyed at a state of eqnilihrimn befive these nj^im 
tions. "»w^ 

However strong the indications of the ptimitifs 
fluidity of the eardi, as there is no direct proof of it, 
the hypothesis can only be regarded as veiy nobaUo. 
But one of the most profound {^bilesophers and eleoot 



writers of modem times has found in the secular vana- 
tion of the eccentricity of the terrestrial orbit an evideat 
cause of decreasing temperature. That accomplished 
author, in pointing out the mutual dependencies of phe- 
nomena, says, ** It is evident that the mean tempentnie 
of the whole surface of the globe, in so far as it is main- 
tained by the action of the sun at a higher degree than 
it would have were the sun extinguished, must depend 
on the mean quantity of the sun's rays which it re- 
ceives, or — which comes to the same thing — oa die 
total quantity received in a given invariable time ; and 
the length of the year being unchangeable in all the 
fluctuations of the planetary system, it follows that the 
total amount of solar nidiat>nm will determine, cmtent 
paribus, the general "iHt* Now, it is 



not difficult to show that this amount h inversely pro- 

ortionnl to tho minor axis of the ellipse descriljeil by 

tie earth about the sun (N, 140 )» regarded an slowly 

ariable ; and that, theretore^ the major axis reaiaitiing» 

5 we know it to i>e constJiDt^ and the orbit being actu- 

Uy in a Btate of approach to a circle, and consequently 

be mJDor axis being on the increase, the mean annaat 

Diount; of solar radiation received by tho whole eatth 

ausC be actudly on the tlecrease. W© have tlK^refore 

flvident real cause to account for the phenomenon," 

Phe limits of the variation in the eccentricity of the 

arth'3 orbit are unknown. But if it^ ellipticiry has 

irer been as great as that of tho orbit of Mercury or 

Pallas, the mean temperature of the earth must have 

been sensibly higher than it is at present Whether it 

was great enough to render our northern climates fit 

-ibr the production of tropical pbint^ST and for the resi- 

"ence of the elephant and other animals now inhiibitanta 

'the torrid zone, it is impossible to say. 

Of the decrease in temperature of the northern 

emtsphere there m abundant evidence in the fossil 

llants discovered in very high latitudes, which could 

iiiy have existed in a tropical climate, and which must 

ive grown near the spot where they are found, from 

bo delicacy of their structure and the perfect state of 

beir preservation. This change of temperature hiia| 

Ben erroneously ascribed to an excess in the duratioal 

" spring and summer in the northern hemisphere, in 

anseqnence of the eccentricity of the solar ellipse. 

Phe length of the geasons varies with the position of 

be perihelion (N. (J4) of the earth's orbit for two 

asons. On account of the eccentiicitj, small as it is, 

ny line passing through the center of the sun divides 

be terrestrial ellipse into two unequal parrs, and by the 

%ws of elliptical motion the earth moves through these 

vo portions with unequal velocities. The perihelion 

tways bes in the smaller poition, anc! there the earth's 

Dotion is tho most rapid. In tiie present position of 

the periheboD, spring and summer north of the equator 

excecMl by about eight days the duration of the same 

seasons south of it. And 10,492 years ago the southern 

heuiispliere enjoyed tlie advantage we now possess 



70 



CAUSES AFFECTiNG TilR TKMPERATmiE. »%tv X. 



k 



fmm thfl spcukr varisitiun of the jimheron. Yet Sir 
Joho Herscliet lim^ sliowii that hy this nltt^nition iipjther 
hemisphere acrjuiros any e.vc^^sa of light or h^at above 
the other : for although the eartli is uoarer to tho sun 
while moving through that part of its orbit in which the 
perihelion lies then in the other part^ aud consequently 
receives a greater quautity of light and heat, yet an it 
moves faster it m expound to the heat for a shorter 
tune. In the other part of the orbits on the contrary, 
the earth being further from tiie sun receives fewer of 
his raya, but because itjg motion is slower it is exposed 
to theni for a longer time* Aud as in both cases the 
ciuarttity of heat and the angular velocity vary exactly in 
the same pni|M>rtion, a perfect eompensatiou lakes plitce 
(N. 141). So that the eccentricity of the earth's orbit 
1ms little or bo effect on the temperature corresponding 
to the difference of the seasons. 

Mr» Lyell^ in his excellent work on Geology, refers 
the increased cold of the northern hemisphere to the 
operation of existing causes, with more probability than 
most theories that have been advanced in solution of 
tJiis difficult subject. The loftiest inountaiuH w^oidd be 
represented by a grain of sand oa a globe six feet in 
diameter, and the depth of the ocean by n i^ cratch on 
ita surface. Consequently the gradual elevation of a 
continent or chain of mountains above the surface of the 
ocean, or their depression below it* is no very gre»t 
©vent cortifmred with tho magnitude of the earth* and 
the energy of ita subterranean fires, if the same periods 
of time be admitted in the progress of geological as in 
astronomical phenomena, wiiich the successive and va- 
rious races of extinct beings show to have been immense. 
Climate is always more intense in the interior of con- 
tinents than Lu islands or sea-coasts* An increase of 
land within the tropics would therefore augment the 
general heat, aad an increase in the temperate and 
frigid zones would render the cold more severe. Now 
it appears that most of tlie European, North Asiatic, 
and Noith Amencan continents and islands were raised 
from the deep after the coal-measures were formed In 
which the tHi>ssil tropical plants are found ; and a variety 
of geological facts indicate tlie existence of an ancient 
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and extensive archipelago througJwtit the greater part 

of rh© northern bemispbore. Mr. Lyell \8 thorf^tbre of 

Dpuiiou tbat the climate of these islands must have 

" eeti stifficioiitly mild in conaeqiieuce of the aurronnding 

cean to clothe them with iropicaJ plants, anil render 

bem a fit abode for the hnge iiuimals whose fossil 

remains are so often found. That the arborescent ferns 

nd the palms *>f these regions, carried by streams to 

he bottom of the ocean^ were imbedded in the strata 

rbich were by ttegr^^es heaved up b}' the subterranean 

res during a long succession of iiges, till the greater 

; of the northern hemisphere became dry laufl as it 

DW is^ &nd that tlie coasequenco has been a continual 

crease of temperature. 

It is evident tVotn the marine shells found on the topa 
~ the highest mountains and in almOHt every part of 
he globOf that immense continents have been elevated 
' ov© the ocean T which must have ingulfed others. 
3uch a catastrophe would be occasioned by a variation 
the ]K)9ition of the axis of rotation on the surface of 
be earth ; for the seas tending to a new equator would 
eave some jKirtions of the globe and overwhelm others, 
f ow, it IS tbund by the laws of mechanics that in every 
dy, be its form or density what it mayj there are at 
Baat three axes at ri^ht angles to eiich other, round 
~liny one of which, if the Bolid begins to rotate, it will 
continue to revolve forever, provided it be not disturbed 
by a loreign cause, but that the rotation aljout any 
other axis will only \m for an instant, and consetiuently 
the jioles or extromities of the instantaneous axis of 
rotation would perpetually change their |>osition on the 
surface of the body. In an ellipsoid of revolution the 
[>oIar diametor and every diameter in tlie plane of the 
equator arc the only permanent axes of rotation {N. 
14*^). Hence if the tdhpsoid were to begin to revolve 
about any diameter between the poie and the equator, 
the motion would be so unstable that the axis of rota- 
tion and the positron of the poles would change every 
instant. Therefore as the earth does not differ much 
firom this figure, if it did not turn round one of its prin- 
cipal axes, the poaition of the p*)!es would change daily ; 
the equator, which is 90^ distant, would undergo cor- 
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the experiments of Mr- Perkins they nppear to be ca- 
pable of a greater degi'e© of corapresaloii than has gen- 
endly been imBgined. 

But a density so extreme is not borne o«t by astro- 
nomicaJ obsen^atiotip It might seem to follow, tliere- 
fore, that our planet must have a wi(iely cavernous 
stnicturei and that we tread on a crust or shell whose 
thickness bears a verj^ small proportion t« the diameter 
of its sphere. Possibly^ too^ this great condensation at 
the central regions may he counterbalanced by the in- 
creased eiastieitv due to a very elevated temperature. 
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FrtscenicKa and NuUtiun— Thnir Effects on the Apfisrent FluceH of tho 
Fixed StBTB. 

It has been shown that the axis of rotation is invari- 
ftb!e on the suHace of the earth ; and observation as well 
as theoiy prove that were it not lor the action of the 
sun and moon on the matter at the eqtiator^ it would 
remain exactly ji«ai-allel to itself in every point of it^ orbit. 

The attraction of an external body not only draws a 
spheroid toward it, but as the force varies inversely as 
tho sijuare of the distance, it gives it a motion almut its 
center of gravity , ludess when the attracting body is sit- 
uated in the prolongation of one of the axes of the sphe- 
roid. The plane of the equator is inclined to the plane 
of the ecliptic at an angle of 23'' 27' 34 "-69 ; and the 
inclination of the lunar orbit to the same h 5^ 8' 47"*9. 
Consequentlys from the oblate figure of the earth, the 
snn and moon acting obliquely and unequally on the dif- 
ferent paits of the terrestrial spheroid, urge the plane 
of the equator from its direction and force it to move 
from east to west^ so that the eqninocTial points have a 
slow retrograde motion on the plane of t!ie ecliiJtic, of 
50"*41 annnally. The direct tendency of this action is 
to make the planes of the equator and ecliptic coincide, 
but it is balanced by the tendency of the earth to return 
to stable rotation obout the potar diameter, which is one 
of jfspriiiej/>nl axes of rotation. Therefore the inclina- 





PRECESSION. 



on of the two planes remmias constant, us a top spin- 
fcring preservea the aaiifi© mcliiiatloo to the plane of the 
'" orizon. Were the earth spJioricalH, this effect would 
f^tjit be produced, and the eqamoxos would alv^Tiys cor- 
espond with the same points of the ecliptic, at least as 
ar as this kind of motion is concerned* But another 
nd totallj different cause which operates on this motion 
has already been mentioned^ The fiction of the planets 
nu oae another nnd on the sun occasions a very alow va- 
FriatioQ in the position of the plane of th© ecliptic^ which 
fliffects it^ inclination to the plane of the etjuator, and 
rives the equinoctinl points a slow but direct motion on 
i' ecliptic of 0"'31 annually, which is entirely inde- 
^dent of the figure of the earth, and wouliJ be the 
Rame if it were a sphere. Thus the sun and moon, by 
Fmoving the plane of the equntor, cause the equinoctial 
ointii to reti'ograde on the ecliptic ; and the planets by 
linoviiig the pJane of the ecliptic give them a direct mo- 
tion, though much less than the furiner. Consequently 
khe difference of the two is the mean precession, which 
proved both by ttieory and observation to be alwut 
50"- 1 annually (N. 143), 

As the longitudes of all tho fixed stars ar© increased 

by this quantity, the effects of precession are soon de- 

ected. It WHS accordingly discovered by Hipparchna 

i the year 128 before Christ, from a comparison of Im 

mi observations with those of Timocharis 155 years 

Rjefore. In the time of Hipparchus, the entrance of the 

|«im into the constellation Aries was the beginning of 

Rpring, but since that time the equinoctial point*! have 

■eceded 30^, so that the constellations called tho sio^ns 

ftf the swjdiuc are now at a considerable distance from 

Ithoae diviaions of the ecliptic which bear their names, 

[Moving at the nite of 50"*1 annuidlyT the et|uinoctial 

points will accompilsh a revolution in 25Tt^(i8 years. 

Jut as the precession varies in different centuries the 

Extent of this period will be slightly modified. Since 

lie motion of the san is direct, and that of the equiuoc- 

teal points retrogmde, he takes a shorter time to return 

I the equator than to arrive at the same stars ^ so that 

tee tropical year of 365"^ 6^ 48™ 4 9' -7 must be increased 

the time he takes to move throu^ u\i ate Q>'i bW'A^ 
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ill order to hnve the length of the sidereal year. The 
time required is 20"' 19''6t 30 that the sidereal year cod- 
taioa 365^ 6^ 9™ 9'-6 mean solar days. 

The mean annuul precession in snbjecC to a secular 
variation; for tdthou^h the change in the plane of the 
echptic in which the orbit of the sian lies be independent 
of the form of the earthy yet by bringing the sun, moon, 
and eartli into different relative positions from age to 
age» it alters the direct action of the two first on the 
pi-ominent matter at the equator : on thia account t}je 
motion of the equinox m greater, by 0"-455 now than it 
was in the time of Hipparchus. Consequently the ac- 
tual length of the tropical year is about 4*'-21 shorter 
tban it was at that time. The utmost change that it 
can experience from thm cause amounts to 43 seconds. 

Such is the secular motion of the equinoxes. But it 
is sometimes increoised and sometimes diminished by 
periodic variations, whose periods depend upon thie 
relative positions of the sun and moon with regard to 
the earth, and which are occasioned by the direct ac- 
tion of these bodies on the equator* Dr. Bradley discov- 
ered that by this action the moon causes the pole of the 
equator to describe a smaU ellipse in the heavens, the 
axes of which are l8"-5 and 13"-674, the longer being 
directed toward the pole of the ecliptic^ The period 
of thia inequality is about 19 years, the time employed 
by the nodes of the hniar orbit to accomplish a revolu- 
tion. The sun causes a sniall variation in the descrip- 
tion of this ellt[)se ; it runs through its period in half a 
year- Since the whole earth obeys these motions tbey 
ulfect the position of its axis of rotation with regard to 
the starry heavens, though not with regard to the sur- 
face of the earth; for in consequence of precession 
alone the pole of the equator moves in a circle round 
the pole of tbe ecliptic in 25,B6B years j and by nutation 
iilone it describes a small ellipse in the heavens every 
19 years, on each side of which it deviates every half 
year from the action of the sun. The real curve traced 
in the stariy heavens by the imaginaiy prolongation of 
ihe eartffs axis is comiMjuaded of these three motions 
(N. 144). This nutatmn in the wuth^s axis aU'ecta both 
the preces.'^ion and oliliquity with sniiill perimlic varia- 




Ft. %iu 



EFFECra OF NUTATION. 



7* 



lions. But in consequence of the secular variation in 
the (josition of the terrestrial orbit, which is chiefly 
owing to the disiturbing energy of Jupiter on the earth, 
the obliquity of the ecliptic is annntilly diminished, ac- 
oording to M. Bessel, by 0'''457. Tht« variation in the 
course of ages may amount to 10 or 11 degrees; but the 
obliquity of tlio ecliptic to the equwtor can never \wry 
more than 52^ 42' or 3*^, since the equator will follow in 
some measure the motion of the ecliptic. 

It is evident that the places of all the celestial bodies 
are alTected by precession and nntation. Their longi* 
tudes estiuiated from the equinox are augmented by 
precession ; but as it effects all tlie bodies eqttally, it 
makes no change in their relative positions. Both the 
celestial latitudes and longitudes are altered te a small 
degree by nutation ; hence all observations must be 
corrected for these inequahties. In consequence of this 
real motion in the earth's axis the pole sear, forming 
part of the constellation of the Little Bear, which was 
fonneriy 12° from the celestial pole, i» now within 1^ 24' 
of it, and will continue to approach it till it is within P, 
after which it will retreat from the pole for ages j and 
12,934 years hence the star a Ljxae will come within 
5*^ of the celestial pole, and become the polar star of 
the northern hemisphere. 
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Jfltan Mid AppftTeni Sidereal Time— Mfian ami Ap|lart^ut Solar Time — 
£i)OtttMii of Tiinii — EiiJi'liitK ahd French ^ubdtTivions of Timo — Leap 
Y»v — Chnstiaa Era — Equinoctial Ttino — Eemarkabte Erttf depeKKUiiff 
ttpOn Um PotitiiiHi of Iho Solar Perig^ee— InpqHralit? of ttie Lengtiii oi 
UB Smwou in the VwoUvminpheTes — Applicatton of Artrotumy lo dtiv 
wilof]r— £ii|[baH am) French StandurdB of WejgbLi aii4 M«urara«, 

AsTEONOMY has been of immediate and esaential use 
Id aflfording invariable standards for measuring duration, 
distance^ magnitude, and velocity. The mean sidereal 
day measured by the time elapsed between two conaec- 
Vtive trauJiits of any stitr at the same meridian, and the 
mean sidereal jear, which is the time included between 
two consecutive returus of the sun to the same star, 
are inmiutablo units with which all great periods of 
u 2 ' 
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timo tire compiu-ed ; the oscilliitions of the isochronous 
peudulutn measure its smftUer portions. By tlies« iti- 
varinble ataEdards alooe we can judge of the slow 
changes tliat otlior elemonts of the system may have 
undergone. Apparent sidereal time, which b measured 
by the ti-ansit of the eqiimoctial point at the meridian of 
any place, is a variable quaati^, from tlie effects of 
precession and nutation. Clocks showing apparent 
sidereal time are employed for observation, and are so 
regulated that they indicate 0*' O™ 0" at the instant the 
equinoctial pioint passes the meridian of the observatory. 
And m time is a measure of augular motion, the clock 
gives tlae distances of the heavenly bodies from the 
equinox by obseiTing the instant at which each passes 
the meridian, and converting the interval into arcs at the 
rate of 15 "" to an hour. 

The returns of the sun to the meiidiun and to the 
same equinox or solstice, have been universally adopted 
as the measure of our civil days and years. The solar 
or astronomical day is the time that elapses between 
two consecutive noons or midnights. It is consequently 
longer than the sidereal day, on account of tbe proper 
motion of the sun during a revolution of the celestial 
sphere. But as the sun moves witli gi-eater rapidity at 
the winter than at the summer solstice, the astronomi- 
cal day is more nearly equal to the sidereal day in sum- 
mer than in winter. The obliquity of the ecliptic also 
affects its duration ; for nefu- the equinoxes the arc of 
the equator is less than the corresponding arc of the 
ecliptic, and in the solstices it is gieater (N, 145). The 
astronomical day is Uierefore diminished in the first 
c&»e, and increased in the second. If the sun moved 
uniformly m the equator at the rate of 59' 8"- 3 3 every 
day, the solar days would be all equal. The time there- 
fore which is reckoned by the arrival of an imaginary 
sun at the meridian, or of one which is supposed to 
move uniformly in the equator, is denominated mean 
solar time, such as is given by clocks and watches in 
common life. When it is reckoned by the arrival of tlie 
real sun at the meridian it is apparent time, Biich as is 
given by dials. The difl'erence between the time shown 
by a clock and a dial is the equation of time ^ven in 
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the Nautical Almanac, sonietimes amounting to aa miieli 
as sixteen xnioutes. The appart^nt and mean time coin- 
cide four rimes in the year ; when the sun's daily mo- 
tioD in right ascensioD is equal to 59' 6" -33 in a mean 
solar day, which happens about the 16th of ApriJ, the 
16th of June, the 1st of Septomber, and the 25th of 
December. 

Tlie astronomical day begins at noout but in common 
reckouing the day bepns at midaigiit. In England it is 
divided into twenty-tbar hours, which are counted by 
twelve and twelve ; bat id France astronomers, adopting 
the decimal division, divide the day into ten hoars, tlie 
hour into one hundred tuinutes, and the minute into a 
hundred seconds, because of the facility in computation, 
and in conformity with their decimal system of weights 
and measures. This subdivision is not now usetl in 
common life, nor hm it been adopted in any other 
country ; and although some scientific writers in France 
still employ tliat division of time, the custom ia begin- 
ning to wear out. At one period during the French 
revolution, tlie clock in the gardens of the Tuileries was 
regulated to show decimal time. The mean length of 
the day, though accurately determined, is not sufficient 
for the jHirfx>sea either of astronomy or civil life. The 
tropical or civil year of 365'' 5'' 48"' 4 9"** 7, which ia th© 
time elapsed between the consecutive returns of the sun 
to the mean equinoxes or solstices, including all the 
changes of the seasons, is a natural cycle peculiarly 
suited tor a measure of daiutiun. It is estimated from 
the winter solstice^ the middle of the long annual night 
under the north pole. But although the length of the 
civil year is pointed out by nature as a measure of long 
periods, the incommensurability that exists between the 
length of tlxe day and the revolution of the sun, renders 
it difficult to adjust the estimati tm of both in whole num- 
bers. If tiie revolution of the sun were accomplished 
in 365 days, all the years would be of precisely the same 
number of days, and would begin and end with the sun 
at the same point of tlie ecliptic. But as the sun's revo- 
lution includes the fraction of a day, a civil year and a 
revolution of tlie sun have not the same duration. Since 
the fraction is nearly the fourth of a day, in four years 



it la Dearly equal to a revolution of the 61111^ so that the 
additioti of a supernumerary day every fourth year 
nearly compensates the diiTereoce. But io process of 
time funher correction will bo necessary, hecause the 
frnction is less than the fourth of a day. In fact, if a 
bissextile bo auppressed at the end of three out of four 
centaricH^ the year so determined will only exceed the 
true year by an extremely email fraction of a day ; and 
if in additiou to this a bisse utile be suppreRsed every 
4000 years, the length of the year will be nearly efjual 
to that given by obsorvBtion. Were the fractitin neg- 
lected^ the beginning of the year wonld precede that of 
the tropical year, m that it would retrograde thi-ongh 
the different i^easons in a period of about 1507 years. 
The Egyiitian year began with the heliacal rising of 
8iriuii, and contain od only 365 days, by which they lost 
c»no year in every 1461 years, their 8othaic iieriod, or that 
4?ycle in wbicli the heliacal rising of Sirius passes through 
i^iQ whole year and take a pkce again on the same day, 
The commencement of that cycle is placed by ancient 
chronobg^Bts in the year 13^2 betore the Ciii'istian era* 
The division of tli© year into mondis is very old and almost 
fjiiiversfd. But the period of seven days, by far the 
itioat permanent division of time, and the most ancient 
tiioouraent of astronomical knowledge, was used by tlie 
pmhmins in India with the same denominationa era- 
ployed by us, and was alike found in the calendars of the 
Jewst Egypfciiins, Arabs, and Assyrians* It has survived 
tlio fall of empire St aud has existed among ail successive 
genemtions, a proof of their common ofrigin* 

The day of the new moon immediately following the 
winter solstice in the 707th year of Rome, was made the 
lit of January of tlie first year of Juiius Capsar. The 
2Sth of December of his forty-fifth year is considered as 
the date of Christ's nativity ; and tlie forty- sixth year of 
the Julian Calendar ia assumed to be the first of onf 
era. The preceding year is called the first year before 
Christ by chronologists, hut by nstrotiomers it is called 
the year 0, The astronomical year begins on the 31fit 
of December at noon ; and the date of an observation 
expresses the days and hours which have actually elapsed 
» ^aal tune. 
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Since solnr and aidereaJ time ore estimated from the 
M8tLge t)f tho sun »nd the equmcxctial point across the 
neridian of each place, the hours are difJerent at differ- 
lit places : whde it is one o'clock at one place it is two 
: fttjother, three at another, &:c. ; for it b obvious that 
i is noon nt out? part of the globe, at the sanie moment 
hat it is midnight at another diametrically apposite to it; 
OMsequently an event which liappens at one and the 
aaie instant of abf*olute time is recorded at different 
ces, as haviug happened at tlitlerent times. There- 
bre, when observations made at different places are to 
compared, they niUBt be reduced Ijy computation to 
vhat they would have been had they been made under 
he same meridian. To obviate this, it was proposed by 
Sir John Herschel to employ mean equinoctial time, 
l%hieh is the same for all tiie world, and independent 
like of local circumstances and inequalities in the sun*s 
imolion. It is the time eliipsod from the instant the mean 
an enters the mean vernal equinox, and is reckoned in 
Dean solar days litid fmrts of a day. 

Some remarkable astronomical eras are determined by 

he position of the tnajor axis of the solar ellipse, which 

depends upon the direct motion of the perigee {N. 102) 

nd the precession of the equinoxes conjointly, the 

nnual motion of the one being 1 X''*B, and that of the 

ther 50" '1. Hence the axis, moving at the rate of 

Bl'''9 annimlly, Rccomplishes a tropical revolution in 

09'a4 years. It coincided with the line of the equinoxes 

4(100 or 4089 years before the Christian era, much about 

ilihe time chronologists asaign for the creation of man. In 

~4B3 tlie major axis will again coincide with the line of 

be equinoxes ; but then the solar perigee will coincide 

iwith the etjuinox of autumn ; whereas at the creation of 

3 an it coincided with tlie vernal equinox. In the year 

|.24(> the major axis was perpendicular to the line of the 

quiooxes ; then the solai* perigee coincided with the 

olatice of summer, and the apogee with the solstice of 

Qter. According to La Place, who computed these 

eriods from different data, the last coincidence hap- 

ened in the year 1250 of our era, which induced him to 

_ repose that year as a universal epoch, the vernal equi- 

'iiox of the year 1250 to be the first day of the first year. 

6 
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These erm can only be regnrded as approximate^ sinco^ 
Bnci€!Ut obaervations ai'© too hmccurate^ and modem ob- 
Benrations too recent, to afford data for their precise 
deterrniuution. 

The variatbn in the position of the solar ellipse occa- 
sions corresponding changes id the length of the seasons. 
In its present position spring is shorter than summer, 
and autumn longer than winter ; and while the solar 
perigee continues as it now is between the solstice of 
winter and the equinox of spring, the porioil including 
spring and summer will be longer than that including 
aututnu and winter. In this century the differencB is 
between seven and eight days. The intervals will be 
equal toward the year 6483, when the perigee will coin- 
cide with the equinox of spring i but when it passes that 
point, the spring and summer taken together will be 
ehoiter than the t>eriod including the antnmn and winter 
(N. 147). These changes will be accomplished in a 
tropHcal revolution of the major axis of the eaith's orbit, 
which includes an interval of 20,984 years. Were the 
orbit circular, the seasons would be equal ; their differ- 
ence arises from the eccentricity of the orbit, small as it 
is ; but the changes are so trifling as to be imperceptible 
in the short span of human life- 
No circumstance in the w^hole science of astronomy 
excites a deeper interest than its application to chiiono!- 
ogy. "^^ Whole nations,*^ says La Place, "have been 
swept from the earth, with their languRges, mts, and 
sciences, leaving but confused masses of ruins to mark 
the place where mighty cities stood ; theii' history with 
the exception of a few doubtful traditions has perished ; 
but the perfection of their astronomical observations 
mai'ks their high antiquity, fixes the periods of their ex- 
istence, and proves that even at that early time they 
must have made considerable progress in science/' The 
ancient state of the heavens may ntjw be computed with 
great accurBcy ; and by comparing the results of calcu- 
lation with ancient observations, the exact period at 
which they were made may be veriiied if tnie* or if 
false their error may be detected. If the date be accu- 
rate and the observation good, it will verify the accuracy 
of modern tables, and will show to how many centuries 
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they may be extended without the fear of error. A few 
examples will show the importance of the subject. 

At the solstices the sun is at his greatest distance from 
the eqnator^ oonsequenthjr his declination at these times 
is equal to the obliquity of the ecliptic (N. 148), which 
was formerly determined from the meridian length of 
die shadow of the stile of a dial on the day of a solstice. 
The lengths of the meridian shadow at the summer and 
winter solstices are recorded to have been obserred at 
the city of Layang, in China, 1100 years before the 
Christian era. From these the distances of tbe sun 
from the zenith (N. 149) of the city of Layang are 
known. Half the sum of these zenith distances de- 
termines the latitude, and half their difference gives the 
obliquity of the ecliptic at the period of the observation ; 
and as the law of the variation of the obliquity is known? 
both the time and place of the observations have been 
verified by computations from modem tables. Thus 
the Chinese had made some advances in the science of 
astronomy at that early period. Their whole chronol- 
ogy is founded on the observations of eclipses, which 
prove the existence of that empire for more than 4700 
years. The epoch of the lunar tables of the Indians, 
• supposed by Bailly to be 3000 years before the Chris- 
tian era, was proved by La Place, from the acceleration 
of the moon, not to be more ancient than the time of 
Ptolemy, who lived in the second century after it. The 
great inequality of Jupiter and Saturn, whose cycle em- 
braces 918 years, is peculiarly fitted for marking the 
civiliEation of a people. The Indians had determined 
the mean motions of these two planets in that part of 
their periods, when the apparent mean motion of Saturn 
was at the slowest, and that of Jupiter the most rapid. 
The periods in which that happened were 3102 years 
before the Christian era, and the year 1491 after it. 
The returns of comets to their perihelia may possibly 
mark the present state of astronomy to future ages. 

The pbces of the fixed stars are affected by the pre- 
cession of the equinoxes ; and as the law of that varia- 
tion is known, their positions at any time may be com- 
puted. Now Eudoxus, a contemporary of Pkito, men- 
tkms a star situate in the pole of the equator, and it av>- 
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pears from cotnpulatJOD that fc Braconis was not vei^^ 
far from tbat place iibout 3000 years a^o ; but as it i^r^ 
ooly about 2150 yeai-s since Eutioxuis liveiJT be mua'*^ 
have desrribed an anterior fltate of the heavens, sup- 
posed to be the same that was miMitioned by Chiroc^ 
about the time of the siege of Troy. Thus ©veiy cir— 
cumatance concurs iu showing that astronomy was cul- — 
tivated in the highest ages of antiquity. 

It is possible that a knowledge of afltronomy may leadK 
to th« intorpretation of hiertiglyphical charactei-s, A as- 
tronomical signs are often found on the ancient Eg}-ptiai» 
monuments, probably employed by the priests to recordl 
datea. The author had occasion to witness an instance 
of this most interesting application of astronomy, in as- 
certaining the date of a papyrus, fiont from Egypt by Mr- 
8Bdti in tlie hieroglyphical restmrches of the lute Dr. 
Thomas Young, whose profound and varied acquire- 
ments do honor to his countty, and to the age in whjdi 
Jie lived. The manuscript was found in a mummy case ; 
it proved to be a lioroscope of the age of Ptolemy, and 
its date was determined from the configuration of the 
jieavens at the time of its construction. 

The form of the earth furnishes a standard of weighla 

^ud measures for the orthnary purposes of life, as well 

^ for the detertni nation of the masses arid distances of 

l;be heavenly bodies. The length of the pendulum 

vibrating seconds of mean solar time in the latitude of 

London, forms the standanl of the British measure of 

extension, lu approximate length Oi^cillating in vacuo 

at the temperature of 62° of Fahrenheit, and reduced 

to the level of the sea (N. 150), was determmed by 

Cnptain Kater to be 39-1393 inches. The weight of a 

cubic inch of water at the temperature of m^^ of 

Fahrenheit, barometer 30 inches, was also determincMi 

in parts of die imperial troy pound, whence a standai'd 

both of weight and capacity was deduced. The French 

have adopted the mette equal to 3-2B08992 English feet . 

for their nnit of linear measure, which is the ten-nul- 

iiouth part, of that quadrant of the meridian (N. 151), 

passing through Formcntera and Greenwich, the middle 

of which is nearly in tlie forty-fifth degree of latitude. 

ShouJd the national atandards of the two couninea be 
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lost ID the viciBsitiide of human afiws, both maj 
rBeover«d ; since they are derived from nattira) 
inresumed to be mTBiiable. The length of the pei 
Inm wootd be found a^Bin with more facility thao 
mdtre. Bat as no measure is mathemalicallj exact, 
©rror io the original standard may at length 
sensible in measuring a je^reat extentn, whereas t1 
that most necessarily arise in measuring the 
the meridian ia rendered totally iui^endible by subc 
▼i^ion in taking its ten-millionth part* The Frene 
have adopted the decimal division , not only in time ' 
ako in their degrees, weights, and measures, on 
of the very great facility it alfords in computation. 
fans not been adopted by any other peopte^ thoi 
nothing is more desirable than that all natioiia 
coocur in using tlie same standards, not only on 
of convenience, but a^i afibrding a more definite Idea 
quantity. It is singular that the decimal division of tii 
day, of degrees, weights, and measures, was employe 
in China 4000 years ago ; and tlmt at the time Ibn Jui 
made his observations at Cairo about the year 1000 
the Christian era, the Arab» were in the habit of ei 
ploying the vibrations of the pendulum in their 
oomical observationa as a measure of time. 



Section XIII. 

TSde»-^PoTc«ii Uial prodarc Ihent — Three kind* of OveiUfttiati* in tk« C 
— The SemMiuniml Tide*— Equinociia] T^iJ?*— Effiict* of T *^ 
tion «<■ the Suti and Mfxiii — Theory i tistilBcient witiboiQt CH 
DJrB«tifin of the Tidnl WaTe— Height orTide^i— Man oTMoaal 
fwaok her Action an the Tidea — Iiii^rrcTvacB of UodiilBtuint^ 
tnlily of ft UnireTsal ImuuiatiiJii — t^urreaU. 

Owe of the most immediate and remarkable eiTedB i(| 

a gravitBting force external to the earth, is the altemal 
rise and fall of the siurfuca of the i»ea twice in the cour| 
of a lunar day, or 24^ 50" 28' of mean solar time. Aa< 
depends njioii the action of the sun and moon, it is clasai 
among astronomical problemis, of which it is by far t| 
moiit difficult and its explanation the least satisfactory 
The ftirtn oi the surtace of liie ocean in ef|uiUbrio when 
ravolviug with the earth round ita axis, is an ollipsoiti 
H 
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diitumed at tbe poles ; but the action of the sun and 
moon, especialJy of thcs moon, disturbg the equiJibhum of^ 
the ocean. If the moon attracted the center of grnv'ity 
of the eerth and all ita purtides with equal and paraUel 
forces, the whole aystein of the earth aod the waters 
that cover it would yield to these forces with a common 
motion, and the equilibrrum of the seaa would reoMit* 
undisturbed. The difforence of the forces and the ine- 
quality of their directiona alone disturb the equilibrium. 

It is proved by daily experience as well a$ by strict 
mathematical reasoning, that if a number of waves or 
oscillations be excited in a fluid by different foi^ces, each 
pursues ita course and has its eflect independently of 
the rest. Now in the tides there are three kinds of 
oaediationa depending on different causes, and producing 
their effects independently of each other, which may 
therefore be estimated separately. 

The oscdlations of the first kind, which are very small, 
are independent of the rotation of the earth ; and as they 
depend upon tlia motion of the disturbing body in its 
orbit, they are of long periods. The second kind of 
oscillations depends upon the rotation of the earth, 
tlierefore their period is nearly a day. The o«eillation» 
of the third kind vary with an angle equal to twice the 
angular rotation of the earth, and consequontly happen 
twice in twenty-tour hours (N. 152)* The first afford 
no particular interest, and are extremely small ; but the 
difference of two consecutive tides depends upon the 
second. At the time of the solstices, this difference, 
which ought to be very gi-eat according to Newton'ij 
theory, is hardly sensible on our shares. La Place has 
shown tliat the discrepancy crises from the depth of the 
sea ; and that if the depth were uniform, there would 
be no diflerence in the consecutive tides but that which 
is occasioned by local circumstances* It follows there- 
fore that as this difference 13 extremely small, the^ sea 
considered in a large extent must be nearly of uniform 
depth } that is to say, there is a certain mean depth from 
which the deviation is not great. The mean depth of 
the Pacific Ocean is supposed to be about four or five 
miles, that of the Atlantic only three or four, which^ 
however^ is mere conjecture. From the formulie which 
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cbtennme the dilGference of the conaecatife tadefl, it it 
proved that the preceasioa of the eqainozeSv and the 
natation of the earth's axis, are the same as if the sea 
"ianned one solid mass ^nth the earth. 

Oscillations of the third kind are the semidiurnal tides 
so remarkable on om- coasts. They are occasioned by 
the combined action of the son and moon ; but as the 
effect of each is independent of the other, they may be 
considered separately. 

The particles of water mider the moon are more at- 
tracted than the center of gnnrity of the earth, in the 
inverse ratio of the square of the distances. Hence 
they have a tendency to leave die earth, but are retained 
by dieir gravitation, which is diminished by this tendency. 
0^ the contrary, the moon attracts the center of the 
earth, more powerfolly than she attracts the particles of 
water in the hemi^here opposite to her; so that the 
earth has a tendency to leave the waters, but is retained 
br gravitation, which is again diminished l^ this tendency. 
^Thus die waters immediately under the moon are drawn 
from the earth, at the same time that the earth is drawn 
from those which are diametrically of^iosite to her, in 
both instances producing an elevation of the ocean of 
nearly the same height ^ove the sur&ce of equifibrium ; 
for the diminution of the gravitation of the particles in 
each position is almost the same, on account of the dis- 
tance of the moon being great in comparison of the ra- 
dius oTthe earth. Were the earth entirely covered by 
the sea, the waters thus attracted by the moon would 
paanmft the form of an oblong spheroid whose greater 
axis woukl point toward the moon ; nnce the columns of 
water under the moon, and in the direction diametrically 
opposite to her, are rendered lighter in consequence of 
the diminution of their gravitation ; and in order to pre- 
serve the equilibrium, the axes 90^ distant would be 
shortened. The elevation, on account of the smaller 
space to which it is confined, is twice as great as the 
depression ; because the contents of the spheroid always 
remain the same. If the waters were capable of assum- 
ing the form of equilibrium instantaneously, that is the 
form of the spheroid, its summit would always point to 
the moon notwithstanding the eartii*s rotation. But on 
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accoant of their re^ktanee, the rapid motian producec^ 
in tbem by rolation prevents them £roin ast^aming aS: 
eteiy imtaiit the form which the equilibrium of th^ 
forces tucting upon them reqaireA. Hence on aocoiui^ 
of the iDerthk of the waters, if the tides be considered 
relativety to the whole earth sad open seas, there is a. 
merkiiaD about 30^ eastward of the moon, where it 19 
always lii^ water boUi In the hemisphere where the 
moon la aiid in that which is opposite. On the west; 
side of this circle the tide ts Howiog, on the east it is 
ebbing, and on every part of the meridian at 90° distant 
it is low water* This great wave, which follows all the 
molioDS of the moon as far as the rotation of the earth 
will permit, is modified by the action of the sun, the 
effects of whose attrmction are in every reajject like 
those produced by the^mooo, though greatly leas in de* 
gree. CoDsequently a similar wave, but much smaller, \ 
raised by the sun lends to follow his motions^ which at 
times combines with the lunar ware, and at others op- 
poses it, according to the relative positions of the two 
luminaries; but as the lunar wave la only mod Uied n ( 
little by the solar, the tides must necessarily happen 
twice in a day, since the rotation of the earth brings the 
f*ame point twice under the meridian of the moon in 
that time^ once under the superior and once under the 
inferior meridian » 

lu the Bemldiurnal tides there are two phenomena 
pBUticularly to be distinguished, one occurring twice in a- 
month, and the other twice in a year. 

The lirst phenomenon is that the tides are much in- 
crensed in tlie ayzygies, or at the time of new and full 
moon (N. 153)* In both casea the sun and moon are in 
the same meridian : for when the monn is new they are 
in conjutjction ; and when she is full they are in opposi* 
tion. In otioh of these poaitiona, their action is com- 
biuod to prtuluco the highest or spring tides under that 
nieridian, and the lowest in those points that are iJO^ 
disiiinl. It is observed that tlie higher the sea rises in 
full tidt\ thf* lower it is in the ebb. The neap tides take 
pliM^«v when the moon is in quadrature ; they neither rise 
00 hi^h nor sink so low as the spring tides. The spring- 
tides are much increased wheu tlie moon is in perifB%i 
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J she is then nearest to the earth. It ia evident 

strong tides must hnppen twice in ft month, 

1 diat time the moon is once new and once fult 
second phenametian in the tides is the Buguien- 
ccTirring at the time of the equiooxes when the 
Bclination (N* 154) is zero^ which happens twice 
ear. The greatest tides take place when a new 
moon happens near the equinoxes, while the 

I in perigee. The inclination of the moon's or hit 
scliptic is 5° 8' 47''*9; hence in the equinoxes the 
if the moon would be increased if her node were 
^ide with her perij^ee ; for it is clear that the ac- 
the sun and moon on the ocean is most direct 
ease when they are in the plane of the equat^jr, 
the same meridian, and when the moon in con- 
n or opposition is at her least distance from the 
The spring tides which happen under all these 
ie circumstances must be the greatest possilile. 
uinoctioi gales often raise them to a great height. 
( these remarkable variations, there are others 
from the declination or angular distance of the 
I moon from the plane of the equator, which liave 
influence on the ebb and flow of tlie waters* The 
i moon are contimially making the circuit of the 
s at dijTerent distances from the plane of the 
■, on account of the obliquity of the ecliptic and 
lination of the lunar orbit- The moon takes about 
-nine days and a half to vary through all her de- 
ns, which sometimes extend 28 J degrees on each 
the equator, while the sun requires nearly 3 65 J 
> accomplish his motion from tropic to tropic 
1 about 23| degrees ; so that their combined mo- 
uses great irregularities, and at times their at- 
I forces counteract each other's eflbctii to a certain 
[ but on on average the mean monthly range of 
dh's dechnation is nearly the same as the aimual 
>f the declination of the sun ; consequently the 
; tides take place within the tropics, and the low' 
rard the poles. The dechnation of the moon 
e causes the tw^o tides of the same day to rise to 
1 heights ; Ibis diurnal inequality of course van^ 
fhen the moon is in the equator. 
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Both the beighl; and time of high Wftti^r are thus per* 
petually changiag; therefore, Id solving tlie problem, it 
is required to determine th^ heijg;hta to which the tides 
rise, the times at which they liappeu, and the daily vari- 
fttions* Theory and observation show that each partial 
tide iDcreases as the cube of the apparent diameter^ or 
of the parallax of the body which produces it, and that it 
diminishes ns the square of the coain© of the decimation 
of that body (N, 154) •, for the greater the apparent di- 
ameler, the nearer the body, and the more intense its 
action on the sea ; bnt the greater the decimation, the 
leMS the action, because it 13 less direct. 

The periodic motions of the waters of the ocean, on 
the hypothesis of an ellipsoid of revolution entirely cov- 
ered by the sea, are very far fratn according with obser* 
vation. This arisea from the very great irre^larities in 
the surface of the i*aith, which h but pftrtially covered 
by the sea ; from the variety in the depths of the ocean, 
the manner in which it is spread out on the earth, the 
position and inclination of the shores, the currents, and 
the resistauce tlie waters meet witVi — cansea impossible 
to estimate, but which modify the oscillations of the 
great mass of the ocean. However, amid all these 
irregularitiea, the ebb and flow of the sea maintain a 
nitio to the forces producing them su^cient to intlicate 
their nature and to verify tlie law of the attraction of the 
sun atid rrioon on the sea- La Place observes that the 
investigation of such reladons between cause and eDect 
is no lass useful in natural philosophy thau the direct 
solution of pi'oblcms either to prove the existence of the 
causes or lo tiace the laws of tlieir effects. Like the 
theory of probabihties, it is a happy supplement to the 
ignorance and weakness of the hunmn mind. Thus 
the problem of the tides does not admit of a general 
ftolntion. It is, indeed, necessary to analy?je the general 
phenomena which ought to result from the attraction of 
the sun and moon ; but these must be corrected in each 
particular case by local ohaervations modified by the 
extent and depth of the sea, and the peculiar circum- 
Rtances of the place. 

Since the disturbing action of the sun and moon can 
only become sensible in n very great extent of water, 
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the Pacific Ocean must be one of the principal sources 
of our tides ; but, In coo sequence of the rotation of the 
earth and lb e iuertiH of the oceans high water doea not 
happen till some time after the nioon*s sotithing (N. 155). 
The tide raised id that world of waters is tranaiiiitted to 
the Atlantic^ frotu which aea it moves m a uortheriy 
direction along the coasts of Africa and Europe, arriving 
later and later at <»nch place. This great wave, how- 
ever, is modified by the tide raised in the Atlantic, 
wliich sometimes combines with that from the Pacific 
in raising the sea, and sometimes is io opposition to it, 
80 that the tides only rise in proportion to their differ- 
ence. This vast combined wave, reflected by the shores 
of the Atlantic, extending nearly from |>ole to |>olej still 
coming northward, pours through the Irish and British 
Channels into tlie North Sea ; so that the tides in our 
ports are niodiJied by those of another hemisphere. 
Thus the theory of the t*ies in each port, both as to their 
height and the times at which they t^ke pbice, is realJy 
a matter of experiment, and can only be perfectly deter- 
minedl by the mean of a very great number of observa* 
tions, including several revolutions of the moon*s nodes. 
The height to which the tides rise is much gi-eater in 
narrow^ channels than in the open sea, on account of the 
obstructions they meet with. The sea is so pent up in 
the British Channei that the tides sometimes rise as 
much as fifty feet at 8t. Malo on the coast of France ; 
whereas on the shores of some of the South Soa islands 
ne.ar the center of the Pacific they do not exceed one 
or two feet. The winds have great influence on the 
height of the tides, according as they conspire with or 
oppose them ; but the actual effect of the wind in ex- 
ciliog the waves of the ocean extends very little below 
the surface. Even in the most violent storms, the water 
is probably calm at the depth of ninety or a hundred 
feet. The tidal wave of the ocean does not reach the 
Mediterranean nor the Baltic, partly from their position 
and pertly from the narrowness of the Straits of Gib- 
raltar and of the Categat, but it is very perceptible in 
the Red Sea iind in Hudgon's Bay. In high latitudes, 
where the ocean is less directly under the in fl mi nee of 
the luminaries, tho rise and full of the sea i*< inconsider- 
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fible» so tbat id all probability there is no tide at tli© 
poks, or only a siiiall aunual and moQtlily tide. The 
ebb and flow of the sea nre perceptible in rivors to a 
very greal^^ distance from their estuaries. In the Straite 
of Pauxis, in the river of the Amazons, mora than five 
hundred miies from the sea, the tides are evident. It ' 
requires so many days for the tide to wscend this mighty j 
Btreain^ that the returaing tides meet a successiou of 
tliose which are coming up ; so that every possible vari- | 
©ty occurs at some part or other of its shores, Ixjth as 
to magnitude and time. It requires a very wide expttnso 
of water to ftccumulate the impulse of the su n and moon, 
so as to render their influence sensible ; on that account 
tbe tides in the Mediterranean and Black Sea are 
scarcely perceptible. 

These perpetual commotions in the waters are ocoa- 
sioaed by forces that bear a very small pre portion to 
terrestrial gravitation : the 8un*s action in raising the 
ocean is only the ^^j^*g^^-^ of gravitation at the earth's 
surface, and the action of the moon ia little more than 
twice as much ; these forces being ia the ratio of 1 to 
2'35,333» when the sun and moon are at theu* mean dis- 
tances from the eaitii. From this ratio the mass of the 
moon is found to be only the ^ part of that of the earth. 
Had the action of the sun on the ocean been exactly 
equal to that of the moon, there would have been no 
neap tides, and the epritig tidt*s would have been of 
twice the height which the action of either the sun or 
moon would have produced sepai-ately ; a phenomenon 
depending upon the interference of the waves or undu- 
lations. 

A stone plunged into a pool of etill water occasions a 
series of waves Ui advance along the surface, though the 
water itself is not carried ibrwurd, but only rises mto 
heights and sinks into hollows, each portion of the sur- 
face being elevated antl depressed in its turn. Another 
stone of the same size thrown into the water near the 
first, will occasion a similar sot of undulations. Then if 
an equal and similar wave from each stone arrive at the 
same spot at the same time, so that the elevation of the 
one exactly coincides with the elevation of the other, 
their united effect will pro<iuce a wave twice the size of 
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either. Bat if one wave precede the otber by exactly 
ka]f an undulation^ tbe elevation of the one will co'mcide 
nith the hollow of the other, and the hollow of the on© 
with the elevation of the other ; and the waves will so 
entirely obliterate one another, that the surface of the 
Water will remain smooth and level. Hence if the length 
of each wave be represented by 1, they will destroy one 
BQother at intervals of ^, |, |, to-, and will combine 
their eifecta at the intervals 1, 2, 3, &c. It will be found 
according to this principle, when BtiH water is disturbed 
by the fall of two equal atones, that there are certam 
lines oo its surikce of a hyperbolic form, where the 
ipirater is smooth in consequence of the waves obtitem- 
ting each other ; and that the elevation of the water in 
the adjacent parts corresponds to both the waves united 
(N. 156). Now in the spring and neap tides ansiog 
from the combination of the simple soli-lunar waves, the 
spring tide is the joint result of the combination when 
they comcide in time and place ; and the neap tide hap- 
pens when tiiey succeed each other by half an interval* 
so as to leave only the effect of their difference sensible* 
It is therefore evident that if the solar and lunar tides 
were of the same height, there would be no difference* 
consequently no neap tides, and the spring tides would 
be twice as high as either sepjaratejy. In the port of 
Batsha in Tonquin, where the tides arrive by two chaor 
nels of lengths corresponding to half an interval, there 
ia neither high nor low water, on account of the inter- 
lerence of the waves. 

The initial state of the ocean has no inftnence on the 
tides ; for whatever its primitive conditions may have 
been, they trmst soon have vanished by the friction and 
mobility of the fluid. One of the most remarkable cir- 
cumstances i« the theory of the tides is the assurance, 
that in consequence of the density of the sea being only 
one-fifth of the mean density of the earth, and the earth 
Itself increasing in density toward the center, the sta- 
bihty of the equilibrium of the ocean never can be sub- 
verted by any physical cause. A general inundation 
arising from the mere instability of the ocean is there- 
fore impossible. A variety of circumstances however 
tend to produce partial variations in the equilibrium of 
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and takes a diflerent form. Heat appears to have a 
great influence ou the pheeomcoa of crj^srftliKfition, not 
only when the par tides of matter aro free, but even 
when fir nil J noited, for it dissolvea their union and gives 
them another deterniination, Profeasor Mif^cherlich 
found that prismatic crystals of sulphate of nickel (N. 1 61 ) 
exjwsed to a summor^s sun in a close vessel, had their 
intfirnal structure so completely altered without any ex- 
terior chaoge^ that when broken open they Trvero com- 
posed interoally of octahedroDs witii squartrbases. Tlio 
original aggregation of the internal particles had been 
dissolved, and a disposition given to arrange themselves 
in a crystaline form. Crystals of sulphate of magoesia 
and of snlphate of zinc, gradually heated in alcohoftill it 
hoik, lose then- trnnaparency by degrees, and when 
opened are found to consist of innumerable minute crys- 
tals lotaUy different in form fi*om the whole crystals ; 
and prismatic crystak of zinc (N. 162) ore changed in a 
few seconds into octatiedrons by the heat of the sun: 
other instances might be given of the influence of even 
moderate degrees of temperature on molecular attrac- 
tion in the interior of substances. It must be observed 
that these experiments give entirely new views with 
regard to the constitution of solid bodies. Wo are led 
from the mobility of fluids to expect groat changes in 
the relative positions of their molecules, which must be 
in perpetual motion even in the stdleat vrater or calmest 
au" ; but we were not prepared to find motion to such 
an extent in the interior of solids. That their particles 
are ijronght nearer by cold and pressure^ or removed 
farther from one another by heat, might be expected ; 
bat it could not have been anticipated that their relative 
positions could be so entirely changed as to alter their 
jnode of aggregation. It follows from tho low temper- 
ature at which these changes are effected, that there 
I is probably no portion of iuorgaoJc matter that is not in 
^L a state of relative motion. . - , , 

V Professor Mitscherlich's discoveries with regard to 
~ the forms of crystalized substances, as connected with 
tlieir chemical charcter, have thrown additional light on 
the constitution of material bodies. There is a certain 
Bet of crystahno forms which are not susceptible of 
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3i.sre perpetually describing between the parallels of eleven 
E^msd forty-three degrees of latitude, may be accomplished 
l>3r any one particle in two years and ten months. In 
K^lifte center of this current is situated the wide field of 
^l.!oating sea-weed called the grassy sea. Besides this 
'ftiiftiere are branches of the Gulf-stream, which convey 
t^e fruits, seeds, atid a portion of the warmth of the 
%aropical climates to our northern shores. 

The general westward motion of the South Sea,togeth' 
^r with the south polar current, produce various water- 
€^ourses in the Pacific and Indian Oceans, according as 
t^e one or the other prevails. The western set of the 
f ac^ causes currents to pass on each side of Australia, 
'^iehile the polar stream rushes along the bay of Bengal : 
tihe westerly current again becomes most powerful to- 
ip^ard Ceylon and the Maldives, whence it stretches by 
the extremity of the Indian peninsula past Madagascar, 
to the most southern point of the continent of Africa, 
where it mingles with the general motion of the seas. 
Icebergs are sometimes drifted as far as the Azores 
from the north pole, and from the south pole they have 
come even to the Cape of Good Hope. But tiie ice 
which encircles the south pole extends to lower latitudes 
by 10° than that which surrounds the north. In conse- 
quence of the polar current Sir Edward Parry was 
obliged to give up his attempt to reach the north pole 
in the year 1827, because the fields of ice were drifting 
to the south fkster than his party could travel over them 
to the north. 

As distinct currents of air traverse the atmosphere in 
horizontal strata, so in all probability under currents in 
the ocean iSow in opposite directions from those on the 
surface ; and there is every reason to believe that the 
cold waters, deep below the surface of the sea in the 
equinoctial regions, are brought by submarine currents 
firom the poles, though it is not easy to prove their ex- 
istence. 
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Hc^pulflive Force ^^ — IntcraticeB or Pores — "EflvLHticily — MoasJiUiV TheOTy-;- 
OmvilatjoiiL brought uuder the same law with Muscular Attmction sad 
HDpukioD — Gams roduoed to Liquids by Pressura — Intcnsiiy of th» Co- 
hesive FoT€e — Effects of Gravitatiou — Effects of Cohesion — Mintiteness 
of ihe tilEimnle Atom* of Matter— Liniited Heigbt of the Atino^phere— 
TJwiciry uf DefimiLo Proptirrioos and Relative We Iff bt uf Atcims — Dr, Far- 
udny's nisCf>veries wiih rn^gard to Affinity — Conipositioa of Wetter hy a 
Plftte of Platina— CryBtftUiEation— Cjeftv-jig:*!— LKimorphisin^Matter Cott- 
«iaU of AlQttia of Definite Fonn^Capillary Atlractujn. 

The oscillations of the litmosphore and its actioii 
upon rays of light coming from the heavenly bodies, 
connect the scieace of astronomy with the eqtiilitirium 
and movementa of Hiilds^ and the laws of molecular 
Bttmction. Hitherto that force has been under conRjtl- 
eration which acts uiix?q umsses of matter at sensible 
distances; but now tho eifecta of auch forces are to be 
considered aa act at inappreciable distancei} upon the 
ultimate alortis of inateriai bodies. 

All substances consist of an aasemblage of material 
liarticles, which are far too small to be visible by any 
meiui» human ingenuity has yet been able to devise, 
and which are much beyond the limits of our percep- 
tions. Since every known substance may be reduced 
in bulk by pressure, it follows that the particles of mat- 
ter are not in actual contact, but are separate<i by inter- 
sticesj owing to the repulsive principle that maintains 
them at extremely minute distances from one another. 
It is evident that the smaller the interstitial spaces 
the greater the density. These spaces appear in 
flome cases to be filled with air, as may be infer- 
red from certain semi-opaque minerals and other sub- 
stances becoming transparent when plunged into water; 
sofuetimea they may possibly contain some unknown 
and highly elastic fluid, such as Sir David Brewster has 
discovered in the minute cavities of various minerals, 
which occasionally causes tlieae substances to explode 
with violence when under the hands of the lapidaiy, 
but in genera] they seem to our senses to be void ; yet 
as it is inconceivable tliat the paiticles of matter should 
tict upon one another without some means of comma- 
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*^tloi], tner© is every reason to jjrc?8ume that die in- 
^. ^ticps of tnateriuJ substances contdiu a portioo of that 
^"tJe etherea] and elastic fluid with which the regions 

* space are replete. 
^_^ Substancoa compressed by a soflkietife farce, are aaid 
~^ be more or less elastic according to the facility with 
J^hich they regain their bulk or volunio when the 
^Tessore is removed ; a property which de|)euda upon 
^lie repulmve force of their particles* and the eJibrt re- 
5^[iirod to compress the subatajice is a measure of tlio 
*^ Dlensity of that repulsive force which varies with the 
^mture of iJie substance. /^ 

By the laws of gravitation the particles of matter 
^ttnict one another when separated by sensible dis- 
tances; and as they repel each other when they are 
juappreciably near, it receiitJy occurred to Professor 
I Mossotti of Pisa^ that there might he some intern] edi< 
ate distance at which the particles might neither attiact 
nor repel one another, but remain balanced in thut 
' etzibje equdtbrium which they are fouml to maintain in 

|«very material substance solid and fluid, 
[ It h 03 long been a hypothec is ainoiijs^ philosophers 
Ihat electricity ia the agent which hinds the imrticles of 
haatter together. We are totahy ignorant of the nature 
of elertricityf but it is generuily supposed to be an ethe- 
real fluid in the liighest state of elasticity aiirruonding 
every particle of matter ; and as the earth and the at- 
losphere are replete with it in a latent state* there is 
ery reason to believe tliat it is unbounded* tiMiug the 
gions of space. 

The celebrated Franklin was the first who explained 

le phenomena of clectiicity in repose* by aupposin 

lo molecules of bodies to be sun'oimded by an atmoi 

ere of the ©lectrio fluid ; and that while the electric ^ 

oma repel one another* they are attracted by the ma- 

erial molecules of tlio body. These forces of attraction 

nd repulsion were afterward proved by Coulomb to 

.ory inversely as the squares of the distance. The 

hypothesis oi FranUliu wfia reduced to a raatliematical 

heory by iEpinus, and the most refined analysis ha& 

Ben employed by the Baron Poisaon in explanation of 

^lectric phenoraena. *Still tlieso philosophers v(etft Wtt- 
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ftblo to reconcile the attraction of the molecules of mat- 
ter inversely us the scjuai'es of the distance as proved 
by Newtoiij with their mntual repulsiou according to 
the same law. But Professor Mossotti has recently 
shown, l>y a vBxy able analysiSt that there ara strong 
grounds for believing that not only the molecular forces 
which unite the particles of material bodies depend on 
tlie electric fluid, but tliat even gravitation itself, which 
binds world to world and sun to 9uo» can no longer bo 
regarded as an ultimate principle » but the residuS por- 
tion of a far more powerful force genei-ated by that eti- 
ergetic agent which pervades creation. 

It is true that this connection between the molecular 
forces and gravitation depends upon a hypothesis ; but 
in the greater nnmber of physical investigations, some 
hypothesis is requisite in the first iustaoc© to aid the 
imperfection of our senses. Yet, when the phenomena 
of nature accord with the nssmnptionT we are justified 
in believing it to be a general law. 

As the particles of material bodies are not in actual 
contact, Professor Mossutti supposes that each is en- 
compassed by an atmosphere of the ethereal fluid ; 
that the atoms of the fluid repel one another ; that the 
molecules of matter repel one another, but with less 
intensity ; and that there is a mutual attraction be- 
tween the particles of matter and the atoms of the fluid. 
Forces which we know to exist, and which ho assumes 
to vary inversely as Si|uare3 of the distance. The fol- 
lowing impoitant reaults have been obtained by the pro- 
fessor from the adjustment of these three forces ; — 

When the material molecules of a body are inappre- 
ciably near to one another^ they mutually repel each 
other with a force which diminishes rapidly as the 
infinitely small distance bot^veen the material molecules 
augments^ and at Jast vanishes. When the molecules 
are still farther apart^ the force becomes attractive. At 
that particular point where the change takes place, the 
forces of re puis ion and attraction balance each other, so 
that tlie molecules of a body are neither disposed to 
approach nor recede, but remain in equilibrio. If we 
try to press them nearer, the repulsive force resists the 
M^mpt; and if we endeavor to bveftk the body so ^- 
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tear the particles asunder, the attractive force predom- 
inates and keeps them together. This is what consti- 
tates the cohesive force, or force of aggregation, by 
which the molecules of all substances are united. The 
limits of the distance at which the negative action be- 
comes positive vary according to the temperature and 
nature of the molecules, and determine whether the 
body which they form be soUd, liquid, or a€riform. 

Beyond this neutral point, the attractive force in 
creases as the distance between the molecules augments, 
till it attains a maximum ; when the particles are more 
apart it diminishes ; and as soon as diey are separated 
by finite or sensible distances, it varies directly as their 
mass and inversely as the squares of the distance, 
which is precisely the law of universal gravitation. 

Thus on the hypothesis that the mutual repulsion 
between the electric atoms is a little more powerful 
than the mutual repulsion between the particles of mat- 
ter, the ether and the matter attract each other with 
unequal intensities, which leave an excess of attractive 
force constituting gravitation. As the gravitating force 
is in operation wherever there is matter, the ethereal 
electric fluid must encompass all the bodies in the uni- 
verse; and as it is utterly incomprehensible that the 
celestial bodies should exert a reciprocal attraction 
through a void, this important investigation of Professor 
Mossotti furnishes additional presumption in favor of a 
universal ether, already all but proved by the motion of 
comets and the theory of light. 

In aeriform fluids the particles of matter are more 
remote from each other than in liquids and solids ; but 
the pressure may be so great as to reduce an aeriform 
fluid to a liquid, and a liquid to a solid. Dr. Faraday 
has reduced some of the gases to a liquid state by very 
great compression; but although atmospheric air is 
capable of a diminution of volume to which we do not 
know the limit, it has hitherto always retained its 
gaseous properties, and resumes its primitive volume 
file instant the pressure is removed. 

If the particles approach sufficiently near to produce 
equihbrium between the attractive and repulsive forces, 
but not near enough to admit of any iBftuQUce ixoTcv 
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ticity of the air. The defimte proportions of chemicRj 
comiwiinds ntlord one of the best proofs that divisibility 
of matter ba^ a limit. The cobesive force which hna 
been the subject of the precediog coiig id e rations, only 
unites particles of the same kind of matter; whereas 
affinity, which is the cause of chemical compoujids, id 
the rnntual attraction between particles of diflerent 
kinds of matter, and ia merely a result of the electrical 
state of the particles, chemical affinity and electricity 
being only forms of the same powers. 

It is a pennanGnt and universiil law in all iinorganbsed 
bodies hitherto analyzed, that the composition of sub- 
stances is definite and invariabk% tlie same compound 
always consisting of tlie same elements united together 
in the same proportions. Two substances may indeed 
be mixed; but they will not combme to form a third 
substance different from both, unless their component 
particles unite in definite proportions, that is to say, one 
part by weight of one of the substances will unite with 
one part by weight of the other, or with two jmrts, or 
three, or four, &c., so as to form a new substance ; but 
in any other pro{K>rtions tliey will only be mechanically 
mixed. For example, one part by weight of hytlrogen 
gas will combine with eight parts by weight of oxygen 
gas and form wnter ; or it wUl unite with sixteen parts 
by weight of oxygen, and fonn a substance called 
deutoxide of hydrogen ; but added to any other weight 
of oxygen, it will produce one or both of these com- 
pounds mingled with the portion of oxygen or hydrogen 
in excess. Th^ law of definite projiorlion established 
by Dr, Daltoo, on the principle that every compound 
body consists of a combination of the atoms of its con- 
stituent parts, is of universal application, and is in fact 
one of the most important discoveries in physical science, 
furnishing information previously unhoped for with re- 
gard to the most secret and minute operations of nature, 
m disclosing tho relative weights of the ultimate atoms 
of matter. Thus an ntom of oxygen uniting with an 
atom of hydrogen forms the compound water; but as 
every drop of water, however sniali, couaists of eight 
parts by weight of oxygen and one part by weight of 
hydrogen, it follows tliat an iitom of oxygen is eight 





fttOT. XIV. CHBmCAL AFflMRT. l(k) 

times heavier than an atom of fajdrogen. In the same 
manner sulphuretted hydrogen gas oomiiU of nzteen 
parts by weif^t of sal{^ar and one of faydroeen: there- 
f<Mre, an atom of sulphur is sixteen times hearier than 
an atom of hydrogen. Ako cazbonic oxide ■ eoodd- 
tuted of six parts by wei^t of carbon, and cieht of 
oxygen ; and as an atom of oxygen has ei^bt tnnes tiw 
weight of an atom of hydrogen, it ibOows that an atom 
of carbon is six times heavier than one of hjdrozeo. 
Since the same definite proportion holds in the oomp«>- 
sition of an substances that have been examined, it may 
be concluded that there are great difierenees in the 
weights of the ultimate particles of matter. M . Gay 
Lussac discovered that gases unite together by their 
bulk or vofaimes, in such sim|^ and definite prupotti^Jii t 
as one to one, one to two, one to three, &te. For 
example, tune volume or measure of cmjjgta ladte* with 
two Yotamea or measures of hydrogen in the fiHrmabon 
of water. 

Affinity modified by tibe electrical ooodilioo of the 
particles of matter, has hitherto been beKeved to be the 
cause of chemical combinations. However, Dr. Fara- 
day has proved by experiments on bodies both In fiofai- 
tion and fusim, that chemical affinity Is merely a revolt 
of the electrical state of the particles of matter. Now 
it must be observed diat the compoMtion of bcMlies as 
well as their decomposition, may be aeoompUied ^ 
means of electricity ; and Dr. Faraday has fionod that 
this chemical composition and decompositioii, by a $jren 
current of electricity, is always accomp&shed according 
to the laws of definite proportions ; and that die quaO' 
tity of electricity requisite for the deoompoaitiDn of a 
substance is exactly the quantity necessary for its com- 
position. Thus the quantity of electricity which can 
decompose a grain weight of water is exactly eqo^l to 
the quantity ^ electricity vrhich umtes the elements of 
that grain of water together, and is equivalent to the 
quantity of atmospheric electricity which is active in a 
very powerful thunder-storm. These laws are univcfr- 
sal, and are of that hi^ and general order that charac- 
terize an great discoveries, and perfisctfy agree with 
Professor Mo8sotti*s theory. 
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known by exporience to be of extreme tenuity nt ver 
small heiglittj* The barometer rises id proportion 
the super-incumbent pressure, At tbo level of the se^ 
in the ktitiid© of 45° and at the temperatur© of melting 
ice» the mean height of the barometer beiog 29*92^^ 
mches^ the density of the air is to the density of a aimi— 
kr volume of mercury as 1 to 10477-9* Consequently 
the height of the atmosphere supposed to be of UDiform 
density would bo ubouE 4 '95 miles. But as the density 
decreases upward in geometrical progression it is consid- 
erably higher, probably about fifty miles ; at that height 
it must be of extreme tenuityj for the decrease in density 
is so rapid that three fourths of all the air contained in 
the atmosphere is within four miles of the earth ; and, 
as its superficial extent is 200 miUions of square mileSf 
its relative thickness is less than that of a sheet of paper 
when compared with its breadth. The air even on 
mountam tojis is sufficiently rare to diminish the intensity 
of sound, to afiect respiration, and to occasion a loss of 
mnscalar strength. The blood burst from the lips and 
ears of M. de Humboldt as he ascended the Andes; 
and he experienced the same diflicnlty in kindling and 
maintaining a fire at great hei^its which Marco Polo 
the Venetian felt on the mountains of Central Asia. M, 
Guy- Lussttc and M, Biot ascended in a balloon to the 
height of 4-36 miles, which is the greatest elevation that 
in an has attained, and they suffered greatly from the 
rarity of tlie an-. It is trne that at the height of thirty* 
seven miles, the atmosphere is still dense enough to 
reflect the rays of the sun when 18=* below the horizon ; 
but the tails of comets show that extremely attenuated 
matter is capable of reflecting hght. And althotigh, at 
tlie height of fifty miles, the bursting of the meteor of 
1783 was heard on earth hke tlie report of a cannon, it 
only proves the immensity of the explosion of a masa 
half a milo in thameter, which could produce a sound 
capable of i>onetrating air three thousand times more 
rare than that we breathe. But even these heights are 
extremely small when compared with the radius of the 
earth. 

The mean pressure of the atmosphere is not the same 
^U over the globe. It is less at the equator than at the 
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sr in the higher latitades, in consequence of the 
if the heated air from the surface of the earth ; 
I also on the shores of the Baltic sea than it is 
ce, probaUy from some permanent eddy in the 
ing from the conformation of the surrounding 
id to similar local causes those barometric depres- 
Ay be attributed which have been observed by 
lan, near the Sea of Ochotzk in Eastern Siberia, 
Captain Foster near Cape Horn, 
e are yarious periodic oscttlations in the atmoe- 
j^hich, rising and fidling like waves in the sea, 
1 corresponding changes in the height of the 
ter, but they di£fer as much frx>m the trade winds, 
ns, and other currents, as ijne tides of the sea do 
le Gulf-stream and other oceanic rivers. The 
I moon disturb the equilibrium of the atmosphere 
r attraction, and produce annual undulations which 
leir maximum altitudes at the equinoxes and their 
L at the solstices. There are also lunar tides 
ebb and flow twice in the course of a lunation, 
omal tides, which accomplish their rise and &11 
hours, are greatly modified by the heat of the 
Between the tropics the barometer attains its 
am height about nine in the morning, then sinks 
ee or four in the afternoon; it again rises and 
, a second maximum about nine in the evening, 
en it begins to fall and reaches a second minimum 
e in the morning, again to pursue the same coarse, 
ling to M. Bouvard, the amount of the oscillations 
equator is proportional to the temperature, and 
)r paraUels it varies as the temperature and the 
of the cosine of the latitude conjointly, conse- 
f it decreases from the equator to the poles, but 
mewhat greater in the day than in the night, 
ides these smaU undulations, there are vast waves 
ually moving over the continents and oceans in 
te and independent systems, being confined to 
et very extensive districts, probably occasioned by 
)ntinued rains or dry weather over large tracts of 
y. By numerous barometrical observations made 
aneously in both hemispheres, the courses of sev- 
ive been traced, some of which occupy twenty-four 
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and oiliers tluity-«<x hours to accomplish their rise an J^ 
fkJI. One especialfy of these irast barometric wnves, loaoy^ 
himdreds of miles in breadth, Im been traced over the 
greater part of Europe, and net it$ breadth odIj, but also 
the direction of its front and its velocity haTe been deady 
ascertained. AJthough like all other waveii these are 
bat moving forma^ yet winds arise dependent on them 
Uke tide stieftms in the ocean. iVIr- Birt haa deter- 
mined the periods of other waves of atilt greater extent 
and duration, two of which require seventeen days to 
rise and fall, and another took thirteen days to complete 
tta undulation^ Siuce each oscillation haa its perfect 
effect independently of the others, each one is marked 
by a change in tho barometer, and this is beautifully 
illustrated by curves constructed from a series of obser- 
vations. The general form of the curve shows the 
course of Ihe prindpal wevOt while small undulations in 
its outline mark the maxima and minima of the minor 
oscillations. 

The trade-winds, which are the principal currents in 
the atmospherei are only a particular ca^ of those very 
general laws which regulate the motion of the winds 
depending on the raretkcttun of the air combined with 
the rotatiou of the earth on its axis- 

Tke heat of the sun occasions these aSriaJ currents 
by rarefying tlie air at the equator, which causes the 
cooler and more dense jjart of the atmosphere to rush 
along the surface of the earth from tlie poles towTird the 
equator, while that which is heated is carried along the 
higher strata to the polea^ forming two counter-currents 
in the direction of the meridian. But the rotatory ve- 
locity of the air corresponding to Its geographical posi- 
tion decreases toward the poles. In approaching the 
equator it must therefore revolve more slowly than the 
corresponding parts of the earth, and the bodies on the 
surface of the earth must strike againat it with the ex- 
cess of their velocity, and by its reaction they will meet 
with a resistance contrary to their motion of rotation. 
So that the wind will appear to a person supposing him- 
self to bo at rest, to blow in a direction nearly uiough 
not altogether contrary lo the earth's rotfitlon ; because 
these currents will stili retain a part of their northerly 
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lod southerly impetus, which, combiaing with their de- 

ricieDcy of rotatory velocity, will make them nppear to 

iIjIow from the iioith-east on one side of the ot^uator and 

Ilh>tn tlie floutli-east on the other, which is the getioral 

I direction of Xl\e trad p -winds* But they are modified 

rioth in intensity and direction by the seasons, by the 

lAQighborhood of continenrs, and by the nature of the 

lOU, so that the phenomena are not the annje in both 

Jspheres* Theso wiiidn, however, are not felt at nil 

nder the line, becnnse the easterly tendency of the 

vo great polar currentB is gradually diminished as they 

pproach the equator by tins trietion of the eailh, which 

Dwly iraparts a |x>rtion of its rotator)^ velocity to them 

( they pass along, and when they meet in the eqnator 

bey destroy one another^s impetns* The equator does 

Dt exactly coincide with the line whicFi separates the 

Se-wintis north and south of it. That lino of aeparn- 

[in depends upon the total difference of heat in the two 

hteraispheres, arising from the dietribution of land- and 

ater, and other causes. 

The polar currents from defect of rotatory velocity 

end, by their frictiou near the equator, to diminish the 

relocitj^ of the earth's rotation ; while, on the contrary, 

he equatoriiil or u()per currents carry their excess of 

Dtatory velocity north and south. And as they occa- 

ijonaliy como lu the surface in their passage to the polos, 

act on the eEiitli by their friction as a sti-ong south- 

5 wind in the uorthern hemisphere, and as a north- 

t wind in the soutliern. In this manner the equili- 

ium of rotation is maintained. Bit John Herschel 

flscrlbeii to ihis c^mjo the western and south-western 

giales so prevalent in our latitudes, and also the west 

winds which are so constant in the North Atlantic. 

There are many proofa of the existence of the conn- 
ter-currents above the trade-vrinds. On the Peak of 
Teneritfe the prevailing winds are from the west. The 
ashes of the volcano of St, Vincent^s, in the year 1812, 
were carried to windvrard as far as Barbadoes by the 
upper current. The captain of a Bristol ship decliired 
tliat on that occasion dust from St, Vincent*B fell to the 
doptli of five inches on the deck at the distance of 500 
miles to the eastward. Light clouda have frec^aently 
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been seen moving mpidly from west to Pftst, at a verjr 
great height above th© trade-wiodH, which were sweep- 
ing along the surGice nf the ocean in a conti'ary direQ- 
tion, Rains^ clouds, aod nearly all the other ntmos- 
pheric phenomena occur below the height of 16,000 
feett ^^^ generally much nearer to the surface of the 
earth. They are owing to cxurents of air runnj ng upon 
each other in horizontal strata, and difltiring in their 
electric state , in temperature and moisture, &s well as 
in velocity and direction. 

The monsoons are steady currents six months io dn- 
ratiou, owing to diminished atmospheric pressui-e at each 
tropic alternately from the heat of the sun, thereby pro- 
duchig a regular alternation of north and soiifh winds, 
wliich conihitiing their motion witli that of the earth on 
its axis become a north-east wind in the nortbern hem- 
isphere and a south-west in the southern ; the fonner 
blows fmm April to October and the latter frotn October 
to April. Tlse change from one to the other is at- 
tended by violent rains, with storms of thunder and 
lightning. From some peculiar conformation of the 
land and water, these winds ai^e confined to the Arabian 
Gulf, the Indian Ocean, and the China Sea. 

When north and south winds blow aJternately, the 
■mnd at any place will veer in one uniform direction 
through every pomt of the compass, provided the one 
begins before the other haa ceased. In the northern 
hemisphere a north wind sets out witli n smaller degree 
of rotatory motion than the places have at which it suc- 
cessive Iv arrives, consequently it passes* through all the 
points of the compass from N. to N. K. and E» A cur- 
rent from the south, on the contrary, sets out with a 
greater rotatory velocity than the places have at which 
it successively arrives, so by the rotation of the earth it 

»i9 deilected from S. to S. W. and W. Now i.f the vane 
at any place should have veered from the N. through 
N E to E., and a south wind shonld sprmg up, it would 
combine its motion with the former and cuuse the vane 
to turn successively from the E. to fe. E. and h. But 
bv the eartii's rotation this south wmd wdl veer t.i the 
S W and W., and if a north wind shonld now arise, it 
would combine its motion with tiiat of the west mi 
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bause it to veer to the N, W, Rud N. Thus two alter- 

Ki¥itioi]3 of north and south wind will cease th© vane afr^ 

9kny place to go completely round the compass, from N*' 1 

1x> E-, S,^ W.» and N»ngain. At the Royal Observatory I 

at Greenwich, the wiad accomplishes fivo circuits in that ] 

direction in the course of a yenr- When cii*ciiinstancear| 

combine to produce alternate north and south winds in I 

tlie southera hemispherei tho gyration is in the contrary 1 

direction. Although tho general tendoncy of the wind 1 

may be rotatoiy, atid is so in many instances, at leiist ^ 

for part of the year^ yet it is so often counteracted by 

local circumstances, that the wintb are in general very 

inregiilar ; every disturbance in atmospheric equilibrium 

from heat or any otVior cause producing a corresponding 

^rind- The roost prevalent winds in Europe are the 

J"}, E. and S. W, ; tho former arises from tho north 

Dlar current, and the latter from causes already men^ J 
Dned. The law of the wind's rotation wa.s noticed ^y^ 

Dalton, but has been developed by Professor Dove,' 
^Berhn. 

Hurricanes are those storms of wind in which th© 

ortion of the atmosphere thnt forms them revolves in a 

borizontal circuit round a vertical or somewhat inclined 

jtiB of rotation, wliile the axis itseif, and consequently 

^tho whole storm, is carried forwanl along the surface of 

the globe, so that the direction in which the storm is 

advancing is quite diiferent from tho direction in which 

he rotatory current may be blowing at any point. In 

he West Indies, where hurricanes are frequent and 

I'liestructive, they generally originate in the tropical 

Jiregionsnear the inner boundary of the t^ado-wiIlda^^ and 

we probably owing to a portion of the superior current 

l©f wind (Msnetrating through the lower. By far tho 

[•greater number of Atlantic hurricanes have begun 

^eastward of the lesser Antilles or Caribbean Islands. 

In eveiy case the axis of the storm moves in an 
I elliptical or parabolic curve, having its vertex in or near 
Itiie ti-opic of Cancer, which marks the external limit of 
Itlie trade -winds north of the equator. As the morion 
llbefore it reaches the tropic is in a straight line from S. 
|E. to N, W., and after it has passed it from S. W. to 
'^'J. K'f the bend of tlie curve is turned toward Florida 
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and tiie Cflrolinas. In the southern hemiBphore the 
body of the storms moves in exactly the opposite direc- 
tion » The hurricane 3 which originate south of the 
equator, and whose initial path is from N- E. to S. W^ 
bend round at the tropic of Capricorn, and then bend 
from N. W, to S, E. 

The extent and velocity, of these Btortus are great ; 
for instance^ the hurricane that took place on the 12th 
of August, 1B30, was traced from the eastward of the 
Caribbee Islands to the bank of Newfoundland, a distanco 
of more than 3000 milea, which it passed over in six 
day a. Although the hurricane of the 1st of September, 
1821, was not so extensive, its velocity was greater, as 
it moved at the rate of 30 miles an honr : small storms 
are generally more rapid than those of greater dimen- 
aions. 

The action of these storms seems to be at first con- 
fined to tb© stratmn of air nearest the earth, and then 
fhey seldom appear to be more than a mile high^ 
thongh sometimes they are raised higher; or even 
divided by a mountain into two separate stornia, each of 
which continues its new path and gyrations with in- 
creased violeiice. This occurred in the gale of the 25tli 
of December, 1821, in the Mediterranean, when the 
Spaniidi mountains and tbe Maritime Alps became new 
centers of motion. 

By the friction of the earth the axis of the -storm 
bends a little forward, m tliat the whirling motion begins 
in the higher regions of the atmosphere before it is felt 
on tlie earth. This causes a continual intermixture of 
tbe lower and warmer strata of air with those that are 
higher and colder, producing torrents of rain and violent 
electric explosions. 

The rotation is different in direction in different hemi- 
spheres, tiiough always alike in the same. In the 
northern hemisphere the gyration is contmry to the 
movement of the hands of a watch, that is to say, the 
wind revolves from east round tlirough the north to the 
west, soutli and east again ; while in tbo southern hemi- 
sphere, tlie rotation about the axis of the storm is in the 
contrary direction. 

The breadth of the whirlwbad is greatly augmented 



8«cT. XV. 



HUHUrCANES, 



191 



^^len the path of the storm changes on croBsing the 
^.^Tt>pic. The vortex of a storm has covered an c^xtent of 
'a© surface of the globe 500 miles iu diameter. 
The revolving moljon Qccoimts for the sudden and 
Lv^iolent changes} observwl during hurricanes* lo conse- 
quence of the rotatioQ of the air, the wind blows in op- 
posite directions on each side of the axis of the Btorm, 
and the violence of the blast increases from the circum- 
ference toward the center of ^ymtion^ but in the center 
Itself the air is in repoise : hence, when the body of the 
storm passes over a placci the wind begins to blow mod- 
erately, and increases to a huixicane aa the center of 
the whirlwind approaches ; then, iu a momentT a dead 
and awful calm succeeds, enddenly followed by a re- 
newal of the ^torm in ail its violence, but now blowing 
in a direction diametrically opposite to its former course. 
This happened at the Island of St, Thomas, on the 2d 
of Augnst, 1837, where the hnrricane increased in vio- ^ 
lence tiU half-past seven in the morning, when perfect 
stillnesa took place for forty minntea, after which the 
storm recommenced in a contrary direction. 

The sudden fell of the mercury in the baromeler in 
tho regions habitually visited by hurricanes is a certain 
indication of a coming tempest. In consequence of the 
centrifugal force of these rotatory storms the air be- 
comes rarefied, and as tho atmosphere is disturbed to 
isome distance beyond the actual circio of gyration or 
limits of the atorm, the barometer often sinks some 
hours before its arrival, from the original cause of tho 
rotatory disturbance. It contixiuea sinking under the 
first half of the hurricane, and again rises during tho 
passage of the latter half, though it does not attain its 
greatest height till the itorm is over* The diminution 
of atmoapheric pressure is greater and extends over a 
wider area in the temperate zones than in the torrid, 
on account of the sudden expansion of tho circle of rota- 
tion when the gale crosses the tropic. 

Aa the fall of the barometer gives warning of the ap- 
proach of a hurricane, so the laws of the storm^s mo- 
tion afford to the seaman the knowledge to guido him in 
avoid'mg it. In the northern temperate zone, if tlio gal© 
begina from tlie S. E. and veera by S. to W., the ship 
L 
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Bhouid sifior to \}m 8. E. ; but if tbo gfile begins from 
th« Nt E., and changas thnrngh N* to N» W., iha ves- 
sel should go to the N. W- In the noTlhtini ytnrt of the 
torritl KODO, if the storm begia from tho N» K> jind veer 
through K. to S. K.»the shipaliould BtcLM*toth© N- E.; 
liut if it begin from the N. W. and veer by W, to S , W.^ 
tho ship eliould steer to the S, W,, because she is in thd 
south -wostern aide of tho storm. Since the laws of 
istomis are reversed in the southern hemisphere^ tlio 
rulea for steering vessels are necessarily reversed (tlso, 
A heavy swell i^ peeuliHrly characteristic of these 
storma. In the open sea the swell often extends many 
Jea^iOH beyond tiie ran^je of tho gale which produced it. 
WatersjKJUt.s are occasioned by snniy whirlwinds, 
which always iiavo their origin at a great distance from 
that part of tho sea from which the aiMmt begins to rise, 
where it is generally cabn» The wliirl of iJio air be- 
gins in the clouds, and extending downw^ard to the sea, 
causes the water tfl ascend in n spiral bj'' the impulse of 
the centrifu^l force, Wtien waterspouts tiavo a pro- 
gresaive motion, the vortex of nir in the cJoud above 
iimst move w^itli the same velocity, otherwise the Bpouts 
break, which fref|uently happens. 
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SoDitd— Ptojinffaticm of Bnuad illuKtmled by & FleM of Standing^ Corn— 
Nnturo of Wmvea — Frnpagntiun of Soiiiid throtifh ttun Atmowphero — 
IntDnniiy — NniNri* — A Musical SoimJ ' — QuiJit7— Pitch — Extent of 
tinrtitin [[caring — V<?locity of Suuuf] in Ait, Waler, and SuliJ«~ij:»iiWw« 
af tho Obstniotitin of Sou'ini— Law af its IntoDHtty — E«llfrti<n) of Sotiiid 
— Echixja — lliundi^r — Rofmcutju tirSautid — Jjitorfcimnco of StmndM. 

One of the moat important iiboh of the atmosphere is 
the conveyance* of sound. Without the air deathlike 
silence would prevail through nature, for in common 
with all suhstanees it has a tontlency to impart vibrations 
to bodies in contact with it. 'J^lierefore undulations re- 
ceived by the air, whether it be from n sudden impnl^e 
8uch as an explosion or tiie vibrations of a musical chord, 
are pro]injT|it(.(i in t^very direction, find produce the sen- 
sal if»n of sound ufjon the auditory nerves* A boll nmg 
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ble, ^vhich shows that the atmoBphere is really the me- 

dhim of aoond. In the small undulations of deep water 

io a calm, the vibrations of the liquid particles are made 

In the vertical plane, that is up and down, or at right 

angles to the direction of the transmission of the waves. 

But the vibrations of the particles of air which produce 

sound differ from these, being performed in the snmo 

direction In which the waves of sound travel. The 

propagation of sound has been illustrated by a field of 

com agitated by the wind. However irregular the 

motion of the corn may seem on a superficial view, it 

will be found, if the velocity of the wind be constant, 

that the waves are all precisely similar and equal, and 

that all are separated by equal intervals and move in 

equal times. ^ 

A sudden blast depresses each ear equally and suc- 
cessively in the direction of the wind, but in conso- 
auence of the elasticity of the stalks and the force of 
lie impulse, each ear not only rises again as soon as 
the pressure is removed, but bends back nearly as 
much in the contrary direction, and then continues to 
oscillate backward and forward in equal times, like a 
pendulum to a less and less extent, till the resistance of 
the air puts a stop to the motion. These vibrations ore 
the same for every individual ear of corn. Yet as their 
oscillations do not all commence at the same time, but 
successively, the ears will have a variety of positions at 
any one instant. Some of the advancing ears will meet 
others in tlieir returning vibrations, and as the times of 
oscillation are equal for all, they will be crowded to- 
getlier at regular intervals. Between these there will 
occur equal spaces, whore the ears will be few, iu con- 
sequence of being bent in opposite directions ; and at 
otlier equal intervals they will be in their natural upright 
]X)sitioii8. So tliat over the wliole field there will bo a 
regular series of condensations and rarefactions among 
tlie ears of com, separated by e(iual intervals wliere 
they will be in their natural state of density. In con- 
8e()uence of these chonges the field will be marked by 
nu alternation of bright and dark bands. Thus the 
successive waves which fly over tlie corn with the 
speed of the wind, are totally distinct from, and entirely 
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indepondent of the extent of the oscillations of each in- 
dividuiii ear» though both take plac€^ in the Hame direc- 
tion^ The loogth of a wave m equal to the space be- 
tween two eai-s precisely in the same state of motion, 
or which are moving similarly, and the time of the vi- 
bration of eEch ear is equal to that which elapses be- 
tween the arrival of two successive waves at the same 
point. The only differ e ace between the Tindulatioos af 
a cora- field and those of tlie air which produce »ound 
is, that each ear of corn is set in motion by an external 
cause and is uninduenced by the motion of the rest; 
whereafi in air, which is a compressible and elastic fluid, 
when one particle begins to oscillate, it communicates 
its vibrations to the surrounding |>articlea, which trana- 
mit fliom to thoso adjacent, and so on continually. 
Hence from the successive vibrations of the particles of 
air the same regular condensations and nirefactions take 
place as in the Held of eoro, pi^oducmg waves through- 
out the whole mass of air, though each molecule, like 
each individual ear of corn, never moves far from its 
state of rest. The small waves of a liquid and the un- 
dulations of the air like waves in the corn, are evidently 
nol real mosses moving in the direction in which they 
ard advancing, but merely outlines, raotiona, or forms 
passing aJong, and comprehending all the particles of an 
undulating linid which are at once in a vibratory state. 
It is thus that an impulse given to any one point of the 
atmosphere is successively projiagated in all directions, 
in a wiivB diverging as from tlie center of a spliere to 
greater and greater distances, but with decreasing in- 
tensity, in consequence of the increasing number of par- 
ticles of inert matter which the force has to move ; like 
the waves formed in still water by a falling stone, which 
are propagated circularly all around the center of db- 
turbonce {N. 156). 

The intensity of sound depends upon ^e iriolence 
and extent of the initial vibrations of air ; but whatever 
they may be, each undulation when once formed can 
only he transmitted straight forwju-d, and never returns 
back Again imlesa when reflected by an opposing ob- 
stacle. The vibrations of the atrial molecules are al- 
ways extremely small, whereas the waves of sound 
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vury ftora a few inches to seversl feet. The various 
miisica] tnstrunients, the hummi voice and that of ani* 
nieJst the singing of birdsi tlie hwm of insects, the roar 
of the cataract, the whistling of the wind, and the other 
nameless t»eciiliarities of sound, ahow iit oDce an iofiiiito 
variety in the modes of atrial vibration, and the aston- 
ishing acuteness and delicacy of the ear, tJins capable of 
appreciating the minutest differences in the laws of 
tnoleculur oscillation. 

All mere noises are occasioned by irregular impulses 
communicated to the ear, and if they be ehort, sudden, 
and repeated beyond a cortaio degree of quickness, tlie 
ear loses the iotervals of silence and the sound appears 
coDtiuuous. StUl such sounda will be mere nobe; in 
order to produce a muaicai i^ound, tho impulses, and 
consequently the undulations of the air must be all ex- 
actly similar in dumiioa and intensity, and must recur 
after exactly equal intervals of time* If a blow be given 
to the nearest of a series of brood, flat, and equidistant 
poJiaadea set edgewise in a hne direct from the eai% 
each palisade will repeat or echo the sound ; and these 
echoes returning to the ear at successive equnl intervals 
of tiiuo wiU produce a musical note. The quality of a 
musical note depends uj>on the abruptness, and its in- 
tensity upon the violence and extent of the original im- 
pulse. In the theory of harmony the only property of 
sound taken into consideration is the pitch, which variea 
with the rapidity of the vibrations. The gi-ave or low 
tones are produced by very slow vibrations, which in- 
crease in frequency as the note becomes more acuteu 
Very deep tones are not heaid by all alike, and Dr. Wol- 
laaton, who made a variety of experiments on the sense 
of hearingr found that mEmy people though not at all 
deaf are quite insensible to the cry of the bat or the 
cricket, while to others it is painfully shrill* From his 
experiments he concluded that human hearing ia limited 
to about nine octaves, extending from the lowest note of 
the organ to the highest known cry of insectti ; and lie 
observes with his usual originality that, ^' as there ia 
nothing in the nature of the atmosphere to prevent the 
existence of vibrations incomparably more frequent than 
any of which we are conscious, we may imagine that 
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animals like the Gry 111, whoae powers appeal* to com- 
nienco nearly where ours terminatOi may have the fac- 
ulty of hearing still sharper sounds which we do not 
know to exist, and that there may be other insecta hear- 
ing nothing in cpimxion with us, but endowed with a 
power of excitiug, ami & sense which perceives Tibrations 
of tbf> same nature indeed aa those which constitute our 
ordinary sounds, but so remote that the anin:ials who 
perceive them may be said to possess anothor sense, 
agreeing with our own solely in the metliuni by which 

Kis excited. 
M. Savart, so well known for the number and beanty 
his researches in acuustic^, has proved that a high 
note of a given intensity being heard by some ears and 
not by others, nuist not be attributed to its pitch, but to 
its feelilenesa. His oxperioientSj and those more re- 
cently mtide by Professor Wiieatstoae, show, that if the 
pulses conld be rendered sufficiently powerful, it would 
bta diflicult to fix a limit to human hearing at either end 
of the sciile, M, Savart had a wheel made about nine 
inches in diameter with 360 teeth set at equal distances 
round its rim, so that while in motion each tooth suc- 
cessively hit on a piece of card. The ton© increased in 
pitch with the rnpidity of the rotation, and was very 
pure when the number of strokes did not exceed three 
or four thousand in a second, but beyond that it became 
feeble and indistinct With a wheel of a larger size a 
ixiuch higher tone could be obtained, because the teeth 
being wider apart the blows were more intense and 
more separated from oae another. With 720 teeth on 
a wheel thirty- two inches in diameter, the sound pro- 
duced by 19,000 strokes in a second was audible, which 
corresponds to 24,000 vibrations of a musical chord. So 
that tlie human ear can appreciate a sound which only 
lasts the 24,000th pm-t of a second. This note was dis- 
tinctly heard by M. Savait and by SBveral people who 
were present, which convinced him that with another 
apparatus still more acute sounds might be rendered 
audible. 

For the deep toneg M. Savart employed a Imr of iron, 
two feet eight inches long, about t^'o inches broad, and 
half OD mch in thickness, which revolved about its center 
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'its arms were the spokes of a wheel Whoo such 
"^ xnachine rotates it irapreasea a motion oa the air Biirii- 
lar to its own, and when a thin boiird or card is brought 
close to its extremUies, the cuneut of air is monieut- 
arily interrupted at the instant each arm of die bar 
passes before the card ; it is compressod iibcive the card 
and dilated helow ; but the inetant the spoke has pas^sed^ 
n. rusli of air to restore eqnilibrinm makea a kiad of ex- 
plosion, and when these succeed each other rapidly, a 
musical note k produced of a pitch ppoportioaal to tho 
velocity of the revolution. When M. Savart turned tliia 
bar slowly a succession ef single beats was heard; as 
the velcKJity became greater the sound was only a ratde^J 
^Hnt as soon as it waa sufficient to give eight beats iu 
^^kcond, a very deep musiCEd note waa distinctly audible, 
^^brrespondiog to sixteen single vibrations in a second, 
^^■rhlch is die lowest thai has hitherto been produced* 
^^brhen the velocity of the bar was much increased tho 
^Hhtensity of the sound was hardly bearabie. The spokes 
^^fe a revolving wheel produce tiie sensation of sound, on 
^Hb(^ very same principle that a burning stick whirled 
^Bound gives the impression of a luminous circle. The 
^^■rib rations excited in the organ of hearing by one beat 
^^nave not ceased before another impulse m given. In* 
^^Beed it is indispensable that the impressions made upon 
^H^B auditory nerves should encroach upon each other in 
^Hjirder to produce a full and continued note. On the 
^Vfrhole, M. Savart has come lo the conclusion, that the 
^^bnost acute sounds would bo heard with wi much ease 
^Hbs tho6e of a lower pitch, if the duration of the sensation 
^Koroduced by etich puLso could be diminished {iroportion* 
^K|]]y to the augmentation of the number of pulses in a 
^^Ntven time : and on the coutrmy, if the duration of the 
^^nensation produced by each pulse could bo iacreased in 
^Btiroportion to their number in a given time, that the 
^^Beepeat tones would be as audible as any of the others* 
^^E^ The velocity of sound is uniform and independent of 
^Bfhe nature, exteut, and intensity of the primitive dia- 
^Blurbance. Consequently sounds of every quality and 
^B pitch travel with equal s(>eod. The smallest dilference 
^V in dieir velocity is incompatible either with harmony or 
^B melody t for notes of difrerent pitches and intensitiea 
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sounded together at a little distance, would arrive at the 
ear iu difterent times, A rapid succession of notes 
would in this ease produce confusion and discord. But 
113 the rapidity with which sound is transmitted dispends 
upon th© elasticity of the medium through which it haa 
to pass, whatever tends to increase the elasticity of the 
mr must al^ accelerate the motion of sound. On that 
account Its velocity is greater in warm than in cold 
weather, supposing the pressnre of the atmosphere con- 
stant. Ju dry air at the freezing temperature, sound 
travelfl at the rate of 1090 ff^ct in a second, and for any 
higher temperature one foot must be added for every 
degree of the thermometer above 32° ; hence at 62*^ of 
Fahrenheit its speed in a second is XI 20 teet, or 765 
miles an hoiir^ which is about three- fourths of the dhir- 
nal velocity of the earth's equator. Since all the phe- 
nomena of the tran.^missiou of sound are simpte conse- 
quences of the physical properties of the air, they have 
been predicted and computed rigorously by the laws of 
mechanics- It was found, however, that the velocity of 
sound determined by observation, exceeded what it ought 
to have been theoretically by 1 73 feet, or about one-sixth 
of the whole amount. La Place su^ested that this dis- 
crepancy might arise from the incrensed elasticity of tlie 
air in consequence of a development of latent heat (N. 
173) duiiug the undulations of sound, and calculation 
conlirmod the accuracy of hia views. The aerial mole- 
cules being suddenly compressed give out their latent 
heat ; and as air is too bad a conductor to cany it rap- 
idly offt it occasions a momentary and local rise of tem- 
perature wlijch, increasing the elsisticity of the air 
without at the same time incraasing ita inertia, causes 
the movement to bo propagated more rapidly. Analysis 
gives the true velocity of sound in terms of the elevation 
of temperature tliat a mass of air is capable of commu- 
nicating to itself, by the disengagement of its own latent 
heal when suddenly compressed in a given ratio. This 
change of temperature however could not be obtained 
direcUy by any experiments which had been made at 
that epoch ; but by inverting the problem and assuming 
the velocity of sound as given by experiment, it was 
computed that the temperature of a mass of air is raised 
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nine-tenths of a degree when the compression is equal 
toyfyofits vohime. 

rrobably all liquids are elastic, though considerable 
force is required to compress them. Water suffers a 
condensation of nearly 0*0000496 for every atmosphere 
of pressure, and is consequently capable of conveying 
sound even more rapidly than air, the velocity in the for- 
mer being 4708 feet in a second. A person under water 
hears sounds made in air feebly, but those produced in 
water very distinctly. According to the experiments of 
M. Colladon, the sound of a bell was conveyed under 
water through the Lake of Geneva to the distance of 
about nine miles. He also perceived that the progress 
of sound through water is greatly impeded by the inter- 
position of any object, such as a projecting wall ; conse- 
quently sound under water resembles light in having a 
distinct shadow. It has much less in air, being trans- 
mitted all round buildings or other obstacles, so as to be 
heard in every direction, though often with a consid- 
erable diminution of intensity, as when a carriage turns 
the comer of a street. 

The velocity of sound in passing through solids is in 
proportion to their hardness, and is much greater than 
in air or water. A sound which takes some time in trav- 
eling through the air passes almost instantaneously along 
a wire six hundred feet long ; consequently it is heard 
twice — first as communicated by the wire and after- 
ward through the medium of the air. The facility 
with which the vibrations of sound are transmitted along 
the grain of a log of wood is well known. Indeed they 
pass through iron, glass, and some kinds of wood, at the 
rate of 18,530 feet in a second. The velocity of sound 
is obstructed by a variety of circumstances, such as fall- 
ing snow, fog, rain, or any other cause which disturbs 
the homogeneity of the medium through which it has 
to pass. M. de Humboldt says that it is on account of 
the greater homogeneity of the atmosphere during the 
night that sounds are then better heard than during the 
day, when its density is perpetually changing from par- 
tial variations of temperature. His attention was called 
to this subject on the plain surrounding the Mission of 
the Apures by the rushing noise of the great cataracts 
9 



H oftj 



TRANSMIBS 



of the Oronoco, which seemed to be throe tttnes us loud 
by liight as by duy. This he illustrated by experimeDt. 
A tali glas5 half tuJI of chanipaigne cannot be made to 
ring as long us the eifervescenco lasts. lo order to pro- 
duce a iriusical note the glass togethpr with thci liquid it 
contains must vibmte in unison as a s^ysteni, which it 
cannot do in consequence of the fixed air i-ising tlirongh 
the win© and disturbing its honio^eoeityt because the 
vibration 9 of the gas being inuch slower than those of 
the bquid thij velocity of the sound is perpetiitdly inter- 
rupted. For tile same reason the trans onsisiori of sound 
as well as h^ht is impeded in passing through an atmos- 
phere of variable density. Sir John Hersehel, in his 
athnii^ble Treatise on Sound, thus explains the phe- 
Bomeiion : — '* It is obvious/' he says, '*^that sound as 
well as light must bo obstructed , stided, and dissipated 
from its original direction by the mixture of im* of differ* 
ent tenipei^tures^ and consequently elasticities ; and 
thus the samp, cause which prothices that extreme 
transparency of the air at oigittt which fLstmnoniers 
alone fully appreciate, renders it also more favorable to 
sound. There is no doubts however^ that the niiiversal 
and d«ad silence^ generally prevEilent at night, renders 
our auditory nerves sensible to impressions which would 
otherwise escupe notice. The analog}^ between sound 
and light is perfect in this as m so many other respects. 
Id the general light of day the stars disappear. In the 
continiKil hum of voices^ which is alwriys going on by 
day, and which x^eacli us from all quarter:* find nevej 
leave the ear time to nttain complete tranquillity, those 
feeble sounds which catch our attention at night make 
no impression. The ear, like the eye, requires long 
and perfect repose to attain its utmost sensibility." 

Many instances maybe brought in proof of the strength 
and clearness with which sound pcisses over tlie surface 
of water or ice. Lieutenant; Foster wiis able to caiTy 
on a conversation across Fort Bowen harborj when fro- 
seen, a distance of a mile and a half. 

The intoiisit)' of sound depends upon the extent of 
die excursions of the fluid molecules, on the energy of 
the tnmsiont condensations and dilatiitioas, and on the 
greater or less number of ptu'ticles which expeiicuce 
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these effects. We estimate that intensity by the im- 
petus of these fluid molecules on our organs, which is 
coDseqaently as the square of the Telocity, and not by 
their inertia, which is as the simple velocity. Were 
Ae latter the case there would be no sound, because the 
inertia of the receding waves of air would destroy the 
equal and opposite inertia of those advancing ; whence 
it may be concluded that the intensity of sound dimin- 
ishes inversely as the square of the distance from its 
origin. In a tube, however, the force of sound does 
not decay as in open air, unless perhaps by friction 
against tiie sides. M. Biot found from a number of 
highly interesting experiments made on the pipes of the 
aqueducts in Paris, that a continual conversation could 
be carried on in the lowest possible whisper, through 
a cylindrical tube about 3120 feet long, the time of 
transmission tlirough that space being 2*79 seconds. In 
most cases sound diverges in all directions so as to oc- 
cupy at any one time a spherical surface ; but Dr. Young 
has shown that there are exceptions, as for example 
yrhen a flat surface vibrates only in one direction. The 
sound is then most intense when the ear is at right an- 
gles to the surface, whereas it is scarcely audible in a 
direction precisely perpendicular to its edge. In this 
case it is impossible that the whole of the surrounding 
air can be affected in the same manner, since the particles 
behind the sounding surface must be moving toward it, 
whenever the particles before it are retreating. Hence 
in one half of the surrounding sphere of air its motions 
are retrogade, while in the other half they are direct ; 
consequently at the edges where these two portions 
meet, the motions of the air will neither be retrograde 
nor direct, and therefore it must be at rest. 

It appears from theory as well as daily experience, 
that sound is capable of reflection from surfaces (N. 174) 
according to the same laws as light. Indeed any one 
who has observed the reflection of the waves from a 
wall on the side of a river after the passage of a steam- 
boat, will have a perfect idea of the reflection of sound 
and of liglit. As every substance in nature is more or 
less elastic, it may bo agitated according to its own law 
by the impulse of a mass of undulating air ; aud r<id\i- 
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interfering, so as to produce nodes ; so that the motioift 
of a string fastened at both ends consists of a wave or* 
poise, continually doubled back on itself by reflection at 
the fixed extremities. 

Harmonics generally coexist with the fundamental 
sound in the same vibrating body. If one of the lowest 
strings of the piano-forte be struck, . an attentive ear 
will not only hear the fundamental note, but will detect 
all the others sounding along with it, though with less 
and less intensity as their pitch becomes higher. Ac- 
cording to the law of coexisting undulations, the whole 
string and each of its aliquot parts are in different and 
independent states of vibration at the same time ; and 
as all the resulting notes are heard simultaneously, not 
only the air but the ear also vibrates in unison with 
each at the same instant (N. 176). 

Harmony consists in an agreeable combination of 
sounds. When two chords perform their vibrations in 
the same time^ they are in unison. ^ But when their 
vibrations are so related as to have a common period 
after a few oscillations they produce concord. Thus 
when the vibrations of two strings bear a very simple 
relation to each other, as where one of them makes 
two, three, four, &c. vibrations in the time the other 
makes one ; or if it accomplishes three, four, &c. vibra- 
tions while the other makes two, the result is a concord 
which is the more perfect the shorter the common 
period. In discords, oq the contrary, the beats are 
distinctly audible, which produces a disagreeable and 
harsh effect, because the vibrations do not bear a simple 
relation to one another, as where one of two strings 
makes ei^t vibrations while the otlier accomplishes 
fifteen. The pleasure afforded by harmony is attributed 
by Dr. Young to the love of order, and to a predilection 
for a regular repetition of sensations natural to the 
human mind, which is grfitified by the perfect regularity 
and rapid recurrence of the vibrations. The love of 
poetry and dancing he conceives to aiise in some degree 
from the rhythm of the one and the regulaiity of tlie 
motions in the other. 

A blast of air passing over the open end of a tube, as 
over the reeds in Pan's pipes ; over a hole in one side. 
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m \h the Qtit*^ ; or ihrougli the ii{>enure otUm) « rm^l 

'-' ■ tWiW© tougue, as "v '^ i. ,,.,,.♦ -"r^ the inter* 

uTim of aVr into -^ns by 111 

ip. co!i(\«5iisatioiis iiu . . . ;;:* pnriklej 

II' same time llie column siK>titaneou.H)y tliviil 
^ into noiles between which the air uUo vibmt 
jisiifitudinuUy, but with a rapidity invers«Jy propartiniial 

IU* liic Wngih of the divisions, g}v'mg the" fuudiimoiititl 
Mt» or one of its harnioiiics. The iiodos are prmluced 
Id the principle of interfereijces by the roflecfion of lh« 
Bagitudiiiat uuduhitions of the iiir iit the ends of the 
pipe, Bs in the musical string* only that in one cme the 
Andubitioua iu*e longitudinal, and in the other trujisvenie. 
A pipe either open or tihut tit both emU when 
soondtid vibrates entire, or divides itself sprjutaneously 
into two, tViree, four» Sec, segments separiited by node<i. 
The whole ceiumn gives the InndiimfnTal note by 
waves or vibrations of the siinie length with tlie pipe. 

»Th6 first hfirnioritc is produced by waves half ns long as 
the tul>e, the second harmouic by waves a third as long, 
tod 9G on. The hanuonic segments in an open and 
shut pipe are the t^aine in number, but dilTerently 
placed. In a shut pi[)c the two ends are nodes, bat in 
an open pipe there is half a segtueat at ortch t'xtreuiity, 
because the air at tlii^e fmiiit^ h neither nirefieti Dor 

I condensed, being in contact with thiit whitdi h external. 
If one of the ends of the open pipe be clos^ed, its fundit- 
inental note will be an octiive lower, the air will now 
cfivitle itself into three, five, seven, <5cc. segnients* ; and 
tile wave producing its fundamental note will be twice 
as long na the pipe, so fhut it will be doubled back 
(N. 177). All these notes may be produced istepanitely, 
by varj^io^ the intensity of the blast. Blowing steadily 
hnt] gently, the fundamental note will sound ; witen the 
force of the blast is increased, the note will all at otice 
Start up an octave ; wlien the intensity of the wind ib 
ftiigmBnted, tlie twelfth will be heard, and by continuing 
to increfise the force ef the blfist the other hnrnionic* 
may be ohtniiied, but no tbrce of wind will prfwluce a 

I note intermediate between these. The harriionicH of i^ 
flute may be obtained in thia manner, fmni the lowest 
C or D upward, without altering tbe rmgerjii|i, merely 
L ^ 
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by increasing the intensity of the blast, and altering tli© 
Ibrni of the lips. Pipes of the same dimensrotis, 
whether of lead, gks.i, or wood, give the same tone as to 
pitch undtn- the same circumstauces, wiiicb ahows that 
the air alone produces the sound. 

Metal springs fiustened at one end, when forcibty 
bent, endeavor to return to rest by a series of vtbrationBT 1 
which give very pleasing tones, as in musical boxes. 
Various ninsical instraiaents have recently been con- 
5tructed» consisting of metnllic sprinc^a tlirown into v^ibra- i 
tio n by a cu rrfi at of air. Amo n g tl i e m ost peHect of these 
are Mr, Wbeatstone's Symphonion, Coucertina* and j^o- 
liaii OrgBOT instruments of different etfects and capabilitiesi 
bnt all possessing considerable execution and expression. 

The Syren is an ingeniouK iustrunrient, devised by M. 
Cagniard de In Tnnr, for ascertaining the number of i 
pulsations in a second eorrespondhig to cafh |iirch : the 
notes are prod need by jets of air passing through small 
apertures arranged at regular distances in a circle on 
the side of a box, Ijeftiri} wh'ch a disc revolves pierced 
with the same number of holes. During a revolution 
of the disc the currents nre alternately intercepted and 
allowed to pass as mnny times as there are ajxintores ir ' 
it, and a sound Is produced whose pitcli depends on tlie 
velocity of rcjtation* I 

A glass or metallic rod^ when struck at one end, or < 
rubbed in the direction of its length with a wet finger, 
vibnitos longitudinally like a column of air, by the nher- i 
nate condensation and oxptmsion of its eonstitnont par- 
ticles, producing a clear and benutifiii musical note of 
a high pitch, on account of the rapidity with which I 
these substances transmit sound. Kods» surfjieeSt and, ' 
in general, all undulating bodiest resolve themselves into 
nodes. But in surfaces, the parts which remain at rest 
during their vibrations aj'e iines, which are curved or 
plane accoixling to the substance, its form, and the mode 
of vibration. If a little fine dry sand be strewed over 
the sui-fuce of a plnte of glass or mt^tal, and if undula- 
tions be excited by drawing the bow of a violin n cross 
its edge, it will emit a nuisical sound, and the simd 
^vill iimnediately arranti^o itself in the nodal lines, where 
abne it will accumnlaie imd remam t\t rest, heciiuse the 
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^^gments of the surface on each side will be in different 
^t;«te8 of vibration, the one being elevated while the 
ot:her is depressed; and as these two motions meet in 
tAa.e nodal Imes, they neutralize one another. These 
Xines vary in form and position with the part where the 
l>ow is drawn across, and the point by which the plate 
IS held. The psotion of the sand shows in what direc- 
tion the vibrations take place. If they be perpendicular 
tjo the surface, the sand will be violently tossed up and 
down, till it finds the points of rest. If they be tan- 
gential, the sand will only creep along the surface to 
the nodal lines. Sometimes the undulations are oblique, 
or compounded of both the preceding. If a bow be 
drawn across one of the angles of a square plate of glass 
or metal held firmly by the center, the sand will ar- 
range itself in two straight lines parallel to the sides of 
the plate, and crossing in the center so as to divide it 
into four equal squares, whose motions will be contrary 
to each other. Two of the diagonal squares will make 
their excursions on one side of the plate, while the 
other two make their vibrations on the other side of it. 
This mode of vibration produces the lowest tone of the 
plate (N. 178). If the plate be still held by the center, 
and the bow applied to the middle of one of the sides, 
the vibrations will be more rapid, and the tone will be a 
fifth higher than in the preceding case ; now the sand 
will arrange itself from corner to corner, and will divide 
the plate into four equal triangles, each pair of which 
will make their excursions on opposite sides of the 
pkte. The nodal lines and pitch vary not only with 
the point where the bow is applied, but with the point 
by which the plate is held, which being at rest, neces- 
sarily determines the direction of one of the quiescent 
lines. The- forms assumed by the sand in square 
plates are very numerous, corresponding to all the va- 
rious modes of vibration. The lines in circular plates 
are even more remarkable for their symmetry, and 
upon them the forms assumed by the sand may be 
classed in tliree systems. The first is the diametrical 
system, in which the figures consist of diameters divid- 
ing the circumference of the plate into equal parts, 
■each of which is in a different state of vibration from 
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tbose aajacent. Two diftiueters, for example, crossing 
ttt rigbl: uD;^le:i, div ids the circii inference into four equal 
imrts; three diameters divide it into yix equal purls; 
four divide it id to eigbt, aud so on. In a Toetallic phte, 
tbese divisions may nniouot to thirty- six or forty. The 
next is the couceutrie systera, whero the snnd mranges 
itself in circles, having the same center with the plate ; 
and the third is the compaund system, where the figures 
asanmed hy the sand ju-e compound«;d of the other two, , 
producing very complicated and beautiful forms» Ga- 
lileo seems to have be«n th«j first to notice the points of 
rest and motion in the soundiog-board of a musical«J 
instrument; but to Chladni is due the whole discoveiy^I 
of the Hyinmetriciiil forms of the nodal lines in vibrating , 
platoa (N. 17^^). Professor Wheatstone has shown iai 
a pup or road before the Royal Society , in 1 833, that aBl 
Chludni's fipires, and indeed sdl the nodal tignros oC'l 
vihmiing surftices, result from very simple modes 
vibration, oscillating isochronoiisly, and superposed upoirJ 
each other ; the resulting ligure varying with the com^^ 
ponent modes of vibration, the number of the soper- J 
positions, and the angles at wkick they are superposed. I 
For example, if a square plate be vibrating so as to mak&'J 
the sand arrange it^^elf in straight hues parallel to on© ( 
side of the plate, and if, in addition to this, sucii vibra- 
tions be excited as would have cansed the sand to form J 
in lines perpendicular to the first had the pltite beezi| 
at rest, the comb in ed vibrations will make the sand form 
in lines from corner to corner (N, 180). 

M. Savart's experiments on the vibrations of flat glass 
rulers are highly interesting. Let a lamina of gla 
27'"*5G long, 0^59 of an inch broad, 0^06 of an inch ill 
thickness, be held by the edges in the middle, with its 
flat surface horizontaL If this surface be strewed with 
sand, and set in longitudinal vibration by rubbing itf. 
under surface with a w^et cloth, the sand on the uppofjj 
surface will lirrnnge itself in lines parallel Ut the ends ( 
the lamina, always in one or other of two systetnS'J 
(N, 181). Ahliough the same oae of the two ayatemM 
will always be produced by the same plate of glass, ye|| 
among dilTe rent plates of the preceding dimensions, even ' 
though cut from the same »heet side hy aide, one will 
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invariably exhibit one system, an4 the other the other, 

^without any visible reason for the difference. Now if 

tJie positions of these quiescent lines be marked on the 

upper surface, and if the plate be turned so that the 

lower sur&ce becomes the upper one, the sand being 

strewed, and vibrations excited as before, the nodal lines 

"will still be parallel to the ends of the lamina, but their 

positions will be intermediate between those of the 

upper surface (N. 182'j. Thus it appears that all the 

motions of one half of the thickness of the lamina, or 

ruler, are exactly contrary to those of the corresponding 

points of the other half. If the thickness of the lamina 

be increased, the other dimensions remaining the same, 

the sound will not vary, but the number of nodal lines 

will be less. When the breadth of the lamina exceeds 

the 0*6 of an inch, the nodal lines become curved and are 

different on the two surfaces. A great variety of forms 

are produced by increasing the breadth and changing 

the form of the surface ; but in all, it appears that the 

motions in one half of the thickness are opposed to those 

in the other half. 

M . Savart also found, by placing small paper rings 
round a cylindrical tube or rod, so as to rest upon it at 
one point only, that when the tube or rod is continually 
turned on its axis in the same direction, the rings slide 
along during the .vibrations, till they come to a quiescent 
point, where they rest. By tracing these nodal lines he 
discovered that they twist in a spiral or corkscrew round 
rods and cylinders, making one or more turns according 
to the length ; but at certain points, varying in number 
according to the mode of vibration of the rod, the screw 
stops, and recommences on the other side, though it is 
turned in a contrary direction ; that is, on one side it is 
aright-handed screw, on the other a left (N. 183). The 
nodal lines in the interior surface of the tubes are per- 
fectly similai* to those in the exterior, but tiiey occupy 
intermediate positions. If a smaU ivory ball be put 
within the tube, it will follow these nodal lines when 
the tube is made to revolve on its axis. 

All solids which ring when struck, such as bells, 
drinking glasses, gongs, &c., have their shape momen- 
tarily and forcibly changed by the blow, and froii) th(ur 
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elasticily, or tendency to resame their natural farm, «. 
series of undulations takes place, owing to the alternate 
condensations and rarefactiona of the particles of solid 
matter. These have also their harmonic tones, and 
consequently nodes. Indeed generally, when a ri§^ 
system of any form whatever vibrates either transverse- 
ly or longitudinally, it divides itself into a certain number 
of parts, which perform their vibrations without disturb- 
ing one anodier. These parts are at eveiy instant in 
altomate states of undulation ; and as tlie points or lines 
where they join partake oi both they remain at res^ 
because the opposing motions destroy one another. 

The ui% notwithstanding its rarity, is capal)^ of trana- 
nutting its undulations when in contact with a body sus- 
ceptible of admitting and excitii^ them. It is thus that 
sympathetic undulations are excited by a body vibrating 
near insulated tended strings, capable of following its 
undulations, either by vibrating entire, or by^ separating 
themselves into their harmonic divisions. If two chords 
equally stretched, of which one is twice or three times 
longer than the odier, be placed side by side, and if the 
shorter be sounded, its vibrations will be communicated 
by the air to the other, which will be thrown into such 
a state of vibration that it will be spontaneously divided 
into segments equal in length to the shorter string. 
When a tuning-fork receives a blow and is made to rest 
upon a piano-forte during its vibration, every string 
which, either by its natural length or by its spontaneous 
subdivisions, is capable of executing corresponding vibra- 
tions, responds in a sympathetic note. Some one or 
other of the notes of an organ are generally in unison 
with one of the panes or with the whole sash of a win- 
dow, which consequently resounds when these notes 
are sounded. A peal of thunder has frequently the 
same effect. The sound of very large organ-pipes is 
generally inaudible till the air be set in motion by the 
undulations of some of the superior accords, and then 
its sound becomes extremely energetic. Recurring vi- 
brations occasioojilly influence each other's periods. For 
example, two adjacent organ-pipes nearly in unison, may 
force themselves into concord ; and two clocks whose 
rates differed considerably when separate, have been 
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luiown to beat together when fixed to liie same wall, 
cuid one clock has forced the pendulum of another into 
motion, when merely standing on the same stone pave- 
ment. These forced oscillations, which correspond in 
their periods with those of the exciting cause, are to be 
traced in every department of physical science. Several 
instances of them have already occurred in this work. 
Such are the tides, which foUow the sun and moon in all 
their motions and periods. The nutation of the earth's 
axis also, which corresponds with the period, and repre- 
sents the motion of the nodes of the moon, is again 
reflected back to the moon, and may be traced in the 
natation of the lunar orbit. And lastly, the acceleration 
of the moon's mean motion represents the action of the 
planets on the earth reflected by the sun to the moon. 

In consequence of the facility with which the air 
communicates undulations, all the phenomena of vibrat- 
ing plates may be exhibited by sand strewed on paper or 
parchment, stretched over a harmonica glass or large 
bell-shaped tumbler. In order to give due tension to 
the paper or vellum, it must be wetted, stretched over 
the glass, gummed round the edges, allowed to dry, and 
varnished over to prevent changes in its tension from the 
humidity of the atmosphere. If a circular disc of glass 
be held concenjarically over this apparatus, witii its plane 
parallel to the surface of the paper, and set in vibration 
by drawing a bow across its edge, so as to make sand on 
its surface take any of Chladni's figures, the sand on the 
paper will assume the very same form, in consequence 
of the vibrations of the disc being communicated to the 
paper by the air. When the disc is removed slowly in 
a horizontal direction, the forms on the paper will cor- 
respond with those on the disc, till the distance is too 
great for the air to convey the vibrations. If the disc 
while vibrating be gradually more and more inclined to 
the horizon, file figures on the paper will vary by de- 
grees; and when the vibrating disc is peipendicular to 
the horizon, the sand on the paper will form into straight 
lines parallel to the surface of the disc, by creeping along it 
instead of dancing up and down. If the disc be made to 
turn round its vertical diameter while vibrating, the nodal 
lines on the pjiper will revolve, and exactly follow the 
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motion of the disc. It nppears from this experimeDf, 
tbat the motions of tlie nunal molecules in every part of 
a s|jhcriciil wave, pnijxagntctl fi-om n vibtiiting body as a. 
center, are |mrriilleJ to ejte!i other, aod not dirergent like 
'[« radii of a ciit^lo. When a slow air is played on ft 
ute nuar this iipparatiis, brcIi note cnlls u[) a particular 
form ia the sand, which the. next note effaces to estab- 
lish its own* The motion of the sand will even detect 
Boniids thiit are inaudible. By the vibrations of sand on 
a drum-head the besieged have discovered the direction 
in which a counter-mine was working* M. SavartT who 
made these beiiutiful experiments, employed this appa- 
ratus to discover nodal lines in nirisses of air. He found 
that, the air of a room, when thrown into undulations by 
the continued sound of an organ-pipe, or by any other 
menus, divide,^ itself into masses separated by nodal 
curves of double curvature^ such as spirals, on each side 
of which the air is in opposite stateis of vibration. He 
even traced these quiescent lines going out at an open 
window, and for a considerable distance in the open air. 
The sand Is violently agitated ^vhere the undulations of 
the air are greatest, and remains Ht rest in the nodal 
hues, M, Suvart obseiTed, that when he moved his 
head awny from a (luiescent lino toward the right the 
sound nppeared to come from the right, and when he 
moved it towan^ the left, the sound seemed to come from 
the left, because tbe molecules of air are in diirerent 
states of motion on each side of the quiescent line, 

A musical stiing gives a veiy feeble sound when vi- 
brating alone, on account of the small ijuanfcity of air set 
in motion. But when attached to a sounding-board, as 
in the harp aufi piEmo-fortBT it communicates its undula- 
tions to that surlace, and from thence to every part of 
the instrument ; so that the whole system vibmtea iso- 
chronously, and by exposing an extensive undulating sur- 
facej whicii transmits its undulations to a great mass of 
air, the sound is much reinforced. The intensity is 
greatest when the vibrations of the sti'ing or sounding 
Cody are perpendicular to the soundin^-boEird* and least 
when tliey are in the same plane witli it* The sound- 
ing-boanl of the piano-forte is bettor disposed than that 
of any other stringed instrumont, because the hammers 
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Strike the strings so as to make them vibrate at right 
angles to it. In the guitar, on the contrary, they are 
struck obliquely, which renders the tone feeble, unless 
when the sides, which also act as a sounding-board, are 
deep. It is evident that the sounding-board and the 
whole instrument are agitated at once by all the super- 
posed vibrations excited by the simultaneous or consecu- 
tive notes that are sounded, each having its perfect effect 
independently of the rest. A sounding-board not only 
reciprocates the different degrees of pitch, but all the 
nameless qualities of tone. This has been beautifully 
illastrated by Professor Wheatstone in a series of exper- 
iments on the transmission through solid conductors of 
xnusical performances, from the harp, piano, violin, clar- 
inet, &c. He found that all the varieties of pitch, qual- 
ity, and intensity, are perfectly transmitted with their 
relative gradations, and may be communicated through 
conducting wires or rods of very considerable length, to 
a properly disposed sounding-board in a distant apart- 
ment. The sounds of an entire orchestra may be trans- 
mitted and reciprocated by connecting one end of a 
metallic rod with a sounding-board near the orchestra, 
so placed as to resound to all the instruments, and the 
other end with the sounding-board of a harp, piano, or 
guitar, in a remote apartment. Professor Wheatstone 
observes, **The effect of this experiment is very pleas- 
ing; the sounds, indeed, have so little intensity as scarcely 
to be heard at a distance from the reciprocating instru- 
ment ; but on placing the ear close to it, a diminutive 
band is heard, in which all the instruments preserve 
their distinctive qualities, and the pianos and fortes, the 
crescendos and diminuendos, their relative contrasts. 
Compared with an ordinaiy band heard at a distance 
through the air, the effect is as a landscape seen in min- 
iature beauty through a concave lens, compared with 
the same scene viewed by ordinary vision through a 
murky atmosphere." 

Every one is aware of the reinforcement of sound by 
the resonance of cavities. AVhon singing or speaking 
near the aperture of a wide-mouthed vessel, the inten- 
sity of some one note in unison with the air in the cav- 
ity, is often augmented to a great degi-ee. A.ny vessel 
10 N 
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will reaouiul if a body viljrating the natural note of the 
cavity be placed opposiito to its orifice, aud be large 
enougli to cover it ; or at least to set a large portion of 
the adjacent air in motion. For the sound will be alter- 
nately rof}ectGd by the bottom of tho cavity aud the un- 
dulating body at its mouth. The first impulse of the 
undulating substance will be reflected by the bottom of 
the cnvity, imd then by the nndnluting body, in time to 
combine with the second now impuUe* Thia reinforced 
sound will also be t^vico reflected in time to conspire 
with tlae third new impuls<> ; and m the same process 
will be repuntod on every new impulse, each will com- 
bine with all ite echoes to reinforce the sound pro- 
digiously. Profusaor Wbea.tstone» to whose ingenuity 
w© are indebted for so inuih new and vnluable infornia- 
tion on tlie tJieory of sounds has given some very striking 
instances of resooajace. If one of the brnnches of a vi- 
brating Tuning-fork be brought near the eiuboncliure of 
n flute^ the bitertil apertnreii of which are stopped so as 
to render it capuble of producing the same sound as the 
fork, the feeble and scarcely audible sound of the fork 
will bo augmented by the rich resonance of tlie column 
of air wit hill the flute, and the tone will bo full and clear. 
The sonnd will be found greatly to decrease by closing 
or opening another aperture ; for tlio alteration in tlie 
length of the colunm of air renders it no longer tit. per- 
fectly to reciprocate the sound of the fork. This exper- 
iment nmy be made on n concert flute with a C tuning- 
fork. But Professor Wlientsione observes, thnl in this 
case it is generahy necessary to finger the flute for B, 
because when blown into with the mouth the nnder-liti 
partly covers the embouchure, wliicb renders the somnl 
about a semitone flatter than it would be were the em- 
bouchure entirely uncovered. He has also shown^ by 
the following experiment^ that any one among peveral 
simultnneous sounds may be rendered separately audible. 
If two bottles be selected, and tuned by fdliiig them with 
such a quantity of wnter us will render them unisoiiant 
with tvio tuning-forks wliicii differ in pitch, on bringing 
both of the vibmting tuning-forks to the month of ewch 
boltto alternately, in each cftse that sound only will be 
heard which is reciprocated by the uniaonant bottle. 
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Several attempts have been made to imitate the artic- 
^latioD of the letters of the alphabet. About the year 
1779, MM. Kratzenstein of St. Petersburgh, aod Kem- 
pelen of Vienna, constructed instruments which articu^ 
lated many letters, words, and even sentences. Mr. 
\Villis of Cambridge has recently adapted cylindrical 
tubes to a reed, whose length can be varied at pleasure 
by sliding joints. Upon drawing out a tube while a col- 
umn of air from the bellows of an organ is passing 
through it, the vowels are pronounced in the order, i, €, 
a, o, u. On extending the tube they are repeated after 
a certain interval, in the inverted order, w, o, a, e, t. Af- 
ter another interval they are again obtained in the direct 
order, and so on. When the pitch of the reed is very 
liigh, it is impossible to sound some of the vowels, which 
is in perfect correspondence with the human voice, fe- 
male singers being unable to pronounce u and o in their 
liigh notes. From the singular discoveries of M. Savnrt 
on the nature of the human voice, and the investiga- 
tions of Mr. Willis on the mechanism of the larynx, 
it may be presumed that ultimately the utterance or 
pronunciation of modern languages will be conveyed, 
not only to the eye but also to the ear of posterity. 
Had the ancients possessed the means of transmitting 
such definite sounds, the civilized world would still have 
responded in sympathetic notes at the distance of maity 
ages. 
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Refraction — Astronomical Refraction and its Laws — Formation of Tables of 
Refraction — ^Terrestrial Refraction — Its Quantity — Instances of Extraor- 
dinary Refraction — Reflection — Instances of Extraordinary Reflection — 
Loss of Light by the Absorbing Power of the Atmosphere — Apparent 
Magnitude of Sun and Moon in the Horizon. 

Not only everything we hear but all we see is tiirough 
the medium of the atmosphere. Without some knowl- 
edge of its action upon light, it would be impossible to 
ascertain the position of the heavenly bodies, or even to 
determine the exact place of very distant objects upon 
the surface of the earth; for in consequence of the re- 
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fractive p<jvi er of the air, no distant object is seen in il 
true po«iitioo. 

All the celestinl bodies nppear to bo more elevate< 
than they really are ; becaui-ti the my;^ of liy;ht, instead 
of moving tbrou^h the iitmoi^pbere in straijo^ht lines, are 
continually itiflectet! towarti the earth. Light pussin]^ 
obliquely out of a rare into a donst^r niedium^ as from 
vacuum into air^ or from ah' into water, i« bent or re- 
frncted from its course towanl a perpendicular to that 
poiDl of the denser surface where the light enters it 
(N. 184). In the same medhim, the sine of the an^le 
contained betvveon the incident ray and the perpendic- 
ular m in a con.stant ratio to the sine of the an pie con- 
tained by the rphticted ray and the same perpendicu- 
lar ; but thia ratio varies with the rofnicting medium. 
The denser the medium the more the rny is bent. 
The barometer shows that the deoHiiy of the ntuins- 
phere decrea*<es as the height above the etirth iticretL^iea. 
Direct experiments prove that the rofmctive power 
the air incrensns with it^ den»itJ^ It follows thorefc 
that if the tem]>erature be uniform^ the refractive pow< 
of the air is* greatest at the earth's surface and dimin- 
ishes upward- 

A i-ay of light from a celestial object falling oijli(|uely 
on this variable atmosphere^ instead of being refracted 
at once from its conrse, m graciually mere and more bent 
durinp; its passage through it so us to move in a vertical 
curved line^ in tlie same manner as if the atmosphere 
consisted of an infinite number of strata of ditTerent den- 
sities. The object ia i»een in the direction of a tangent 
to that part of the curve which meets the eje^ conse- 
quently the apparent altitude (N. 165) of the heavenly 
bod ies is ahva y » gre at e r tha n th eir tru o altitude, O wing 
to this circumstance J the stars are seen af)ove the hori- 
zon after they are seti and the day is lengthened from 
a part of the sun being visible, though ho really is behind 
the rotundity of the earth. It would be easy to de- 
termine the direction of a ray of light through the at- 
mosphere if the law of the density were known ; but as' 
this liiw is perpetually varying with the temperature; 
the case is very complicated. When rays pa-^s perpen- 
d/ciilarljr from one medium into another, thoy aro not 
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when of glass or platina. When the rays which fomi 
the fringes arrive at the screen, they are of different 
lengths, in consequence of the curved path they follow 
after passing the edge of the object* The waves are 
therefore in different phases or states of vibration, and 
either conspire to form colored fringes or destroy one 
another in the obscure intervals. The colored iringes 
bordering the shadows of objects were first described by 
Grimaldi in 1665; but besides these he noticed that 
there are others within the shadows of slender bodies 
exposed to a small sunbeam, a phenomenon which has 
already been mentioned to have afforded Dr. Young the 
means of proving beyond all controversy, that colored 
lings are produced by the interference oi light. 

K may be concluded, that material substances derive 
their colors from two different causes: some from the 
l^w of interference, such as iridescent metals, peacocks' 
feathers, &c.; others from the unequal absorption of 
the rays of white light, such as verm'dion, ultramarine, 
blue, or green cloth, flowers, and the greater number of 
colored bodies. The latter phenomena have been con- 
sidered extremely difficult to reconcile with the undula- 
tory theory of light, and much discussion has arisen as 
to what becomes of the absorbed rays. But that em- 
barrassing question has been ably answered by Sir John 
Herschel in a most profound paper, On the Absorption 
of Light by colored Media, and cannot be better given 
than in his own words. It must however be premised, 
that as all transparent bodies are traversed by light, 
they are presumed to be permeable to the ether. He 
says, " Now, as regards only the general fact of the ob- 
struction and ultimate extinction of light in its passage 
through gross media, if we compare the corpuscular and 
undulatory theories, we shall find that the former ap- 
peals to our ignorance, the latter to our koowledge, for 
its explanation of the absorptive phenomena. In at- 
tempting to explain the extinction of light on the corpus- 
cular doctrine, we have to account for the light so extin- 
guished as a material body, which we must not suppose 
annihilated. It may however be transformed; and 
among the imponderable agents, heat, electricity, &c., 
it may be that we are to search for the light which has 
P 
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became thus compaTfiti^plj stagnant Tlio heatiiij^ 
power of the solar ray a gives a jtrimd fade plausibilit^^ 
to the idea of the tranisforiiiatioa of lighJ iuto heat by 
nbsorptioa. Bwt when we come to examine ih© matter- 
more neai"]y, we find it encambered on all sides with 
difficulties. How is it^ for iaatance, that the most lu- 
minous rays are not the most calorific ; but that on the 
contrary, the calorific energy accom ponies, in its great- 
est inteasity, rays which possess comparatively ieeble 
illuiuiaating powers ? These ami other questions of a 
similar nature may perhapj^ admit of answer in a more 
advaaced state of our knowledge ; but at present there 
is none obvious. It is not without reason, therefore, 
that the !|uesition * What becomca of hght ?' which ap- 
pears to have been agitated among tho photologista of 
the last ceatury, hna been regarded as one of consider* 
able im^jortance as weU as obscurity by the corpuscular 
philosophers. On the other hand, the answer to thia 
question, afforded by die nndulatory theory of hght, is 
siniplo and distinct. The question, * What becomesi of 
light ?' merges in the more general one, * What becomes 
of motion ? ' And the answer, on tlynamical principles, 
is, that it continues forever. No motion is, strictly 
Gpeaking, annihilated ; but it may be divided, and the 
divided parts made to oppose and, in effe.cU destroy one 
another, A body struck, however perfectly elastic, 
vibrates for a time, and then appears to sink into its 
original repose* But this apparent rest (even abstract- 
ing from the inquiry that pait of the motion which may 
be ci>nveyed away by the ambient air) is nothing else 
than a state of subdivided and mutually destroying mo- 
tion, in which evei-y molecule continues to bo agitated 
by an mdefinite multitude of internally reflected waves, 
propagated through it in every possible direction, from 
every point in its surface on which tliey successively 
impinge. The superposition of such waves will, it is 
easily seen, at length operate their mutual destruction, 
which will be the more complete the more irregular the 
figare of the body, and the gienter the number of inter- 
nal rirdections." Tims Sir John HerBchel, by referring 
the absorption of light to the subdivision and mutual 
dfiJitniction of the vibrations of ether in ihe interior of 
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temperature which are Dot so sck)n commnDicated to the 
^v^ater on account of its density as to the air, occur more 
irsurely and are of shorter duration than similar appear- 
CLnces on land. In 1818, Captain Scoresby, whose ob- 
servations on the phenomena of the polar seas are so 
^v^uable, recognized his father's ship by its inverted 
l¥nage in the air, although the vessel itself was below 
tlie horizon. He afterward found that she was seven- 
t;een miles beyond the horizon, and thirty miles distant. 
Two images are sometimes seen suspended in the air 
over a ship, one direct and the other inverted, with their 
t;opmasts or their hulls meeting, according as the in- 
serted image is above or below the direct image (N. 188). 
J)r. Wollaston has proved that these appearances are 
owing to the refraction of the rays through media of 
different densities, by the very simple experiment of 
looking along a red-hot poker at a distant object. Two 
images are seen, one direct and another inverted, in 
consequence of the change induced by the heat in the 
density of the adjacent air. He produced the same 
effect by a saline or saccharine solution with water and 
spirit of wine floating upon it (N. 189). 

Many of the phenomena that have been ascribed to 
extraordinary refraction seem to be occasioned by a 
partial or total reflection of the rays of light at the sur- 
races of strata of different densities (N. 184). It is well 
known that when light falls obliquely upon the external 
surface of a transparent medium, as on a plate of glass 
or stratum of air, one portion is reflected and the other 
transmitted. But when light falls very obliquely upon 
the internal surface, the whole i& reflected and not a 
ray is transmitted. In all cases the angles made by 
the incident and reflected rays witli a perpendicular to 
the surface being equal, as the brightness of the re- 
flected image depends on the quantity of light, those 
arising from total reflection must be by far the most 
vivid. The delusive appearance of water, so well 
known to African travelers and to the Arab of the des- 
ert as the Lake of the Gazelles, is ascribed to the re- 
flection which takes place between strata of air of dif- 
ferent densities, owing to radiation of heat from the 
arid sandy plains. The mirage descYxbed b^ C^^XaJca. 
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Muady in his Journal of a Tour in India probably 
ftrjBes from this cause, A deep precipitous valley be- 
low us, at llio bottom of wliich I liad seen one or two 
miserable villages in the morniug, bore in the evening a 
complete resembliuice to a beEiuttful lake ; the vapor 
which played the part of water ascending nearly half 
way up the sides of the vale, and on its bright surface 
trees and rocks being distinctly reflected. I had not 
been long contomphiting this phenomenon, before a 
iudden storm came on and dropped u curtain of clouds 
over the scene." 

An occurrence which happened on the 18th of No- 
vember, 1804, was probably produced by reflection. 
Dr. Bnchan, while watching the rising sun from the 
cliff about a mile to the east of Brighton, at the instant 
tile solar disc emerged from the surface of the ocean, 
saw the cUff on which he was stand ing, a windmill, his 
own figure and that of a friend^ depicted immediately 
opposite to him on the sea. This appearance lasted 
about ten minutes, till the sun had risen ueiu^ly liis own 
diameter above the surface of the waves. The whole 
then seemed to be elevated into the bCix and successively 
vanished. The rays of the sun fell upon the cliff at an 
incidence of 73^ fj'om the perpendicuiai^ and the sea 
was covered with a dense fog many yarxls in height 
which gmdnally receded before the rising sun. WTien 
extroordinary refniction takes place kterally, the strata 
of variable density are perpend iculiir to the horizon, 
and if combined with vertical refinction, the objects 
are magnified as when seen through a telescope. From 
this cause, on the Sfith of July, 1798, the cliffs of 
France, fit^y miles olf, were seen as distinctly from 
Hastings us if they had been close at hand ; and even 
Dieppe was said to have been visible in the afternoon. 

The stratum of air in the horizon is so much thicker 
and more douse than the stratum in the veiticnl, that 
the aun*s light is diminished 1300 times in passing 
through it, which enables us to look at him v^'hen setting 
without being dazzled. The loss of light and couse- 

Ily of heat by the absorbing power of the atmos- 
, increases with the obliquity of incidence. Of 
lousand rays fulling on its surface^ 8123 arrive at a 
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^▼en point of the earth if they &11 perpendicularly ; 
7024 arrive, if the angle of direction be fifty degrees ; 
2831, if it be seven degrees ; and only five rays will 
arrive throu^ a horizontal stratum. Since so great a 
quantify of light is lost in passing through the atmos- 
phere, many celestial objects may be altogether invisible 
from the plain, which may be seen from ele\'ated situ- 
ations. Diminished splendor, and the false estimate 
we make of distance from the number of inten-ening 
objects, lead us to suppose the sun and moon to be 
much larger when in the horizon than at any other al- 
titude, though their apparent diameters are then some- 
what less. Instead of the sudden transitions of light 
and darkness, the reflective power of the air adorns na- 
ture with the rosy and golden hues of the Aurora and 
twilight. Even when the sun is eighteen degrees be- 
low the horizon, a sufficient portion of light remains to 
show, that at the height of thirty miles it is still dense 
enough to reflect light. The atmosphere scatters the 
son's rays, and gives all the beautiful tints and cheerful- 
ness of day. It transmits the blue light in greatest 
abundance ; the higher we ascend, the sky a-ssumes a 
deeper hue ; but in the expanse of space, the sun and 
stars must appear like brilliant specks in profound 
blackness. 
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It is impossible thus to trace the path of a sunbeam 
through our atmosphere without feeling a desire to 
know its nature, by what power it traverses the immen- 
sity of space, and the various modifications it undergoes 
at the surfaces and in the interior of terrestrial sub- 
stances. 

Sir Isaac Newton proved the compound nature of 
white light as emitted from the sun, by passing a sun- 
beam through a glass prism (N. 190), which separating 
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the TBjB bj refra^ition^ formed a spectrum or oblong 
lage uf the sun, consisting of seven color a, rtsd, oi^ange, 
yellow, jETTt'GTi, blu*5, indigo, and violet ; of which the 
Ted is the least refrangible and the violet the most. But 
when he reunited these seven rays by meiins of a lens, 
tho com[>omid beiim became pure whita tt» before, II& 
in^sulated Racb colored ray ; and finding that it was no 
longer cnpnble of decomposition by refraction, concluded 
that white light: consiytg of seven kinds of homogeneous 
lights and that to the srime color the same refrangibijity 
evei* belongs, nnd to the same refrangibility the same 
color. Since the discov^my of absorbent media^ how- 
ever, it appeal's that this is not the eonstitutioa of the 
solnr spectrum. 

We know of no substance that is oithor perfectly 
opaque or pei-fectly transparent. Even gold may bo 
beaten so thin as to be pervious to light. On the con- 
triiry, the clofirest crystal^ the purest air or water, stops 
or absorbs its mys when Iransmitted, and gradually ex- 
tinguishes them as they penetrate to greater di^pths. 
On tliis account objects cannot be seen at the bottom of 
very deep water, and many more stars are visible to the 
naked eye fmm the tops of mountains than from the 
valleys. The quantity of light that is incident on any- 
transparent substance is always greater than the sum of 
the reflected and ref meted rays. A small quantity is 
irregularly lefiectod in all directions by the imperfec- 
tions of the polish by which wo are enabled to see the 
surface ; but a much greater portion is absorbed by the 
body. Bodies that reflect all the rays appear white, 
those that absorb them id I se^em bbick ; but most sub- 
stances, after decomposing the white liglit which ftdls 
upon them, reflect some colors and absorb the rest. A 
violet reflects the violet rays alone, and absorbs the 
others. Scau'let cloth absorbs almost all the colors ex- 
cept red. Yelbw cloth reflects the yellow rays most 
abundantly, and blue cloth those that are blue. Con- 
sequently color is not a property of matter, but arises 
froni the action of matter upon light. Thus a white 
riband reflects all the rays, but when dyed red Uie par- 
ticles oi" the silk acquire the property of reflecting tlio 
red j-nys most abundaotly and of absorbing the others^ 
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ciTstalized minerals, animal and vegetable substances, 
^fUms, resins, jellies, and all solid bodies having unequal 
fusions, Aether from unequal temperature or pres- 
^I3re, possess the property of doubling the image or ap- 
j:>«arance of an object seen through them in certain 
midsections. Because a ray of natural light falling upon 
tihem is refracted into two pencils, which move with dif- 
C«rent velocities, and are more or less separated, accord- 
ing to the nature of the body and the direction of the 
~^ucident ray. Whenever a ray of natural light is thus 
divided into two pencils in its passage through a sub- 
stance, both of the transmitted rays are polarized. Ice- 
land spar, a carbonate of lime, which by its natural 
cleavage may be split into the form of a rhombohedron, 
possesses the property of double refraction in an emi- 
nent degree, as may be seen by pasting a piece of paper 
with a large pin-hole in it, on the side of the spar far- 
thest from the eye. The hole will appear double when 
held to the light (N. 200). One of these pencils is re- 
fracted according to the same law as in glass or water, 
never quitting the plane perpendicular to the refracting 
surface, and is therefore called the ordinary ray. But 
the other does quit the plane, being refracted according 
to a different and much more complicated law, and on 
that account is called the extraordinary ray. For the 
same reason one image is called the ordinary, and the 
other the extraordinary image. When the spar is turned 
round in the same plane, the extraordinary image of the 
hole revolves about the ordinary image which remains 
fixed, both being equally bri^t. But if the spar be kept 
in one position and viewed through a plate of tourma- 
line, it will be found that as the tourmaline revolves, the 
images vary in their relative brightness — one increases 
in intensity till it arrives at a maximum, at the same 
time that die other diminishes till it vanishes, and so on 
alternately at each quarter revolution, proving both rays 
to be polarized. For in one position the tourmaline 
transmits the ordinary ray, and reflects the extraordi- 
nary; and after revolving 90°, the extraordinary ray is 
transmitted, and the ordinary ray is reflected. Thus 
another property of polarized light is, that it cannot be 
divided into two equal pencils by double refraction, in 
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imrietj of eolorad iiie&. Sir Dmnd Brewster, ao J 
relebrated for his optical disoof eries* has proved that 
Jie soiur spectmin consisu of three primaiy colon* red, 
feDow, and blue, each of which existB throug^ioat its 
irhcde extent, but with different degrees of inteoaitj la 
il£Rerent parts ; and that the snperposition of these three 
piediices all the seren hoes aooording as each primaiy 
Boior is an excess or defect. Since a certain portion of 
redt jellow, and bine rays constitute white light, the 
Dohnr of anj point of die spectmm may be considered 
■s consisting of the predominating colrar at that point 
nuxed with white li^bt. Consequently, by absorlMng 
the excess of any c(3or at any point of the spectmm 
above what is necessaiy to form white li^t, such white 
B^ win appear at that point as never mortal eye 
looked upon befinre this experiment, nnce it poaaesaes 
the remarkable property of remaining the same after 
any number of refractions, and of being capable of de* 
composition by absorption alone. 

In addition to the seven colors of the Newtonian apee- 
tmm. Sir John Herschel has discovered a set of very 
dark red rays beyond the red extremity of the spec- 
trum, which can only be seen when the eye is defended 
from the glare of the other colors by a dark blue cobalt 
glass. He has also found that beyond the extreme 
violet there are visible rays of a lavender gray color, 
which may be seen by throwing the spectrum on a 
sheet of paper moistened by the carbonate of soda. 
The illuminating power of the different rays of the spec- 
trum varies with the color. The most intense light is 
in the mean yellow ray. 

When the prism is very peifect and the sunbeam 
small, so that the spectrum may be received on a sheet 
of white paper in its utmost state of purity, it presents 
the appearance of a riband shaded with all the prismatic 
colors, having its breadth irregularly striped or subdi- 
vided by an indefinite number of dark, and sometimes 
black, linos. The greater number of those rayless lines 
are so extremely narrow that it is impossible to see 
them in ordinary circumstances. The best method is 
to receive the spectrum on the object glass of a tele- 
scope, so OS to magnify them sufficiently to render them 
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Tisible. This experiment may also be made, but in an 
imperfect manner, by viewing a narrow slit between two 
nearly closed window-shutters through a very excellent 
g^ass prism held close to the eye, with its refracting 
angle parallel to the line of light. The rayless lines in 
the red portion of the spectrum become most visible as 
the sun approaches the horizon, while those in the blue 
extremity are most obvious in the middle of the day. 
When the spectrum is formed by the sun's rays, either 
direct or indirect — as from the sky, clouds, rainbow, moon, 
or planets — ^the black bands are always found to be in 
the same parts of the spectrum, and under all circum- 
stances to maintain the same relative positions, breadths, 
and intensities. Similar dark lines are also seen in the 
Driit of the stars, in the electric light, and in the flame 
of combustible substances, though differenthr arranged, 
each star and each flame having a system of dark lines 
peculiar to itself, which remains the same under every 
circumstance. Dr. Wollaston and M. Fraunhofer of 
Munich discovered these lines deficient of rays inde- 
pendently of each other. M. Fraunhofer found that 
their number extends to nearly six hundred. There are 
bright lines in the solar spectrum which also maintain a 
fixed position. Among the dark lines, M. Fraunhofer 
selected seven of the most remarkable, and determined 
their distances so accurately, that they now form stand- 
ard and invariable points of reference for measuring the 
refractive powers of different media on the rays of light, 
which renders this department of optics as exact as any 
of the physical sciences. These lines are designated 
by the letters of the alphabet, beginning with b, which 
is in the red near the end of the spectrum ; c is farther 
advanced in the red; d is in the orange; e, in the 
green ; r, in the blue ; g, in the indigo ; and h, in the 
violet. By means of these fixed points, M. Fraunhofer 
has ascertained from prismatic observation the refrangi- 
bility of seven of the principal rays in each of ten differ- 
ent substances solid and liquid. The refraction increased 
in all from the red to the violet end of the spectrum ; 
but so irregularly for each ray and in each medium, that 
no law could be discovered. The rays that are wanting 
in the solar spectrum which occasion the dark lines, 
O 
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of deep regi-et to elII who take an inter est ia the higher 
paths of scientiJic rctsenrch, 

Whea a beam of common light m partly reflected at, 
and partly transmitted throughi a transparent surface, 
the reflected and refracted pencils cotitaiti equal quanti- 
ties of polarized light, and their planes of polar izatioQ 
are at right angles to unv another : hence a jiile of panes 
of glass will give a polarized beam by refiaetion. For if 
& tuy of common light pasis through thera^ part of it 
will be polarized by the first plate, the second ptnte will 
polarize a |>art of what passes throngh it, and the rest 
will do the same in succession, till the whole beam is 
polarized, except what is lost by reflection at the dif- 
ferent surfaces, or by absorption. This beam is polar- 
ized ia a plane at right angles to llie plane of reflection, 
that is, at right nngies to the plane paaslng througji the 
incidient and reflected ray (N» '203). 

By far the most convenient way of polaiizing light is 
by reflection, A plane of plate-glass laid upon a piece 
of black cloth, on a table at an open window, wiU appear 
of a uniform brightness from the reflection of the sky 
or clouds. But if it be viewed througfh a plate of tour- 
maline, having its axis vertical, instead of being iUumi- 
nated as before, it wiU be obscured by a large cloudy 
spot, having its center quite diuk, which will readily be 
found by elevating or depressing the eye, and will only 
be visible when the angle of incidence ia 57°, that is, 
when the line from the eye to the center of the black 
s|>ot makes an angle of 33 "^ with the surface of the re- 
flector {N« 204). When tJiio tournmUno is turned round 
m its own plane, the dtuk cloud will diminish, and en* 
tirely vanish when the axis of the tourmaline is horizon- 
tal, and then every part of t}ie surface of the glass wiU 
be oquaUy illuminated. A:^ the tourmahne revolves, tho 
cloudy spot wdl appear and vanish alternately at every 
quarter revolution. Thus, when a ray of light ia inci- 
dent on a pane of pi ate -glass at an angle of 57'^, the re- 
flected ray is rendered incapable of penetrating a plato 
of tourmifline, whose axis is in the |dane of incidence. 
Consequently it has acquired the same character as if 
it Imd been polarized by transmission through a pkte 
of tourmaline, with its axis at right angles to tlie plane 
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^t glass is much greater than the space occupied by 
^^ produced by the crown glass ; and as the quantity 
^ dispersion depends upon £e refracting angle of tlie 
I^m, the angles of the two prisms may be made such, 
that when the prisms are placed close together with tbiBir 
edges turned opposite ways, they will exactly oppose 
each other's action, and will refract the colored rays 
equally but in conti'ary directions, so that an exact com- 
pensataon will be effected, and the light will be refracted 
without color (N. 191). The achromatic telescope is 
constructed on this principle. It consists of a tube with 
80 object glass or lens at one end to bring the rays to a 
focus and form an image of the distant object, and a 
magnifying glass at the other end to view the image 
thus formed. Now it is found that the object-glass, 
instead of making the rays converge to one point, dis- 
perses them, and gives a confused and colored image : 
but by constructing it of two lenses in contact, one of 
flint and the other of crown glass of certain forms and 
proportions, the dispersion is counteracted, and a per- 
fectly well defined and colorless image of the object is 
formed (N. 192). It was thought to be impossible to 
produce refraction without color, till Mr. Hall, a gentle- 
man of Worcestershire, constructed a telescope on this 
principle in the year 1733 ; and twenty-five years after- 
ward, the achromatic telescope was brought to perfec- 
tion by Mr. Dollond, a celebrated optician in London. 

A perfectly homogeneous color is very rarely to be 
found, but the tints of all substances are most brilliant 
when viewed in light of their own color. The red of a 
wafer is much more vivid in red than in white light; 
whereas if placed in homogeneous yellow light, it can 
no longer appear red, because there is not a ray of red 
in the yellow light. Were it not that the wafer, like all 
other bodies, whether colored or not, reflects white light 
at its outer surface, it would appear absolutely black 
when placed in yellow light. 

After looking steadily for a short time at a colored 
object, such as a red wafer, on turning the eyes to a 
white substance, a green image of the wafer appears, 
which is called the accidental color of red. All tints 
have their accidental colors : — thus the accidental color 
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(greater or less than el polarizing angles a part only of 
' 3ie reflected ray wUI he polarized, but a part nf -wrliat ts 
transmitted will be polarized by relloctioD at tLo sur- 
face of the second platti, part at tlio third, and so on till 
the whole is poralized. This is the best apparatias ; but 
one plato of glass having iu inferior surface blackened, 
or even a pohsbed table, will tmawer the purpose^ 
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rkanomcna eilubitcd bj? the pasaaffe of PolariK^il Light ihraui^h Mica and 
Snlpliate of Lime — The Colored Intfkgea prwiticed by Polarized Light 
MSBin^ thrcmph Crystals having one and two Optic Ai;*?»^CJrcuW 
PuUnzfttiaa — £tlii]]4.ical PoliuiuitioD — BisccivDries of MM. Blot, FntSsiwl, 
mnil Profossor Airy — Colored Inisigfia prtHluoed bf tHo lutoTf«r«iic« Of 
Fblariimi Rays, 

Such is the natuTo of polarized light and of tho laws 
it follows. But it is hardly possible to convey an idoa of 
the splendor of the phenomena it exhibits under circum- 
gtances which an attempt will now bo made to descrihc* 

If hght polarized by reflectioa from a pane of glass be 
viewed tbroiigh a plate of tourmaline, with its longitudi- 
nal section vertical^ an obscure cloudy witli its center 
totally darkt will be aeon on the glass. Now let a plato 
of mica, uniformly a boat the thirtieth of an inch in tliink- 
nesa, bo interpostid botweea tho tourmalino and tho 
glass ; tho dark spot will instantly vanish, and instead of 
it, a succession of the most gorgeous colors will appear, 
VTuying with every inclination of the mica, from tho 
richest reds, to the most vivid greens, blues, and purples 
(N, 206), That they may bo seen in perfection, tbo 
mica must revolve at right angles to its own j>liinc. 
When the mica is turned round in a pliino perpendicu- 
lar bo the polarized ray, it wifl be found that there are 
two lines in it where the colors entirely vanish- These 
are tlie optic axes of the mica, which is a doubly refract- 
ing substance, with two optic axes, along which light is 
refracted in one pencil. 

No colors are visible in tho mica, whatover \ls position 
may be with regard to the pokrizod light, without tho 
aid of Ihe tounnaline, which separates the transmitted 
my into two pencih of colored \\^\i i!*>in\^Wn\\p\vi%vv Ui 
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«ne another, that is, which taken together would make 
>irhite light. One of these it absorbs, and transmits the 
other ; it is therefore called the analyzing plate. The 
troth of this will appear more readily, if a film of sul- 
phate of lime between the twentieth and sixtieth of an 
inch thick be used instead of the mica. When the film 
is of uniform thickness, only one color will be seen when 
it is placed between the analyzing plate and the reflect- 
ing ^ass ; as, for example, red. But when the tourma- 
line revolves, the red will vanish by degrees till the film 
is colorless ; then it will assume a green hue, which 
will increase and arrive at its maximum when the tour- 
maline has turned through ninety degrees ; after that 
the green will vanish and the red will reappear, alter- 
nating at each quadrant. Thus the tourmaline separ- 
ates the light which has passed through the film into a 
red and a green pencil ; in one position it absorbs the 
green and lets the red pass, and in another it absorbs 
Sie red and transmits die green. This is proved by 
analyzing the ray with Iceland spar instead of tourmaline ; 
for since the spar does not absorb the light, two images 
of the sulphate of lime will be seen, one red and the 
other green, and these exchange colors evoiy quarter 
revolution of the spar, the red becoming green, and the 
green red ; and where the images overlap, the color is 
white, proving the red and green to be complementary 
to each other. The tint depends on the thickness of 
the film. Films of sulphate of lime, the 0*00124 and 
0*01 818 of an inch respectively, give white light in what- 
ever position they may be held, provided they be per- 
pendicular to the polarized ray ; but films of inteime- 
diate thickness will give all colors. Consequently, a 
wedge of sulphate of lime, varying in thickness between 
the 0-00124 and the 0-01818 of an inch, will appear to 
be striped with all colors when polarized light is trans- 
mitted through it. A change in the inclination of the 
film, whether of mica or sulphate of lime, is evidently 
equivalent to a variation in thickness. 

When a plate of mica, held as close to the eyes as 
possible at such an inclination as to transmit the polar- 
ized ray along one of its optic axes, is viewed through the 
tourmaline with its axis vertical, a most 8\)l^udid a^^jew:- 

Q 





unoe is presented. The cloudy spot tn iho directioft nf 
the optic axis is seen siirrotindiid by ti set af vividly 
colored rings of an ovtd form, diviiled into Itvo uncqunl 
paita by a black curved him4 pHssiiig tbrouf^ii the cloudy 
spot about which the rhaga are formed. The other optic 
axis of the mica exhibits a svimiliir image (N. 207). 

When the two optic axes of a crj^stal make a small 
angle with one another, as in nitre, tlie two seta of rin^ 
touch externally \ and if the |jlate of oitre Im turned i-oumi 
in its own pltrne, the block transverse bands undergo 
a variety of changes, till at last the whole richly colored 
image assumes the tbnn of ilio figure B^ traversed by a 
black crosa (N. 208). Substances with one optic axis 
have but one set of colorei! circular rings, with a broad 
black cross passing througb its center, dividing the rings 
into four equal paits. When the analyzing plate re- 
volves, this figure recurs at eveiy quarter revolution ; 
but in tJio intermediate jjositions it aftsnnies the com- 
plementury colors, the black cross becoming white. 

It is in vain to attempt to doscribo the beautilnl phe* 
nomeuft exhibited by innumerable bodies, which undergo 
periodic changes in form and color wh^n the analyzing 
plate revolves, but not one of them shows n trace of 
color without the aid of tourmaiino or sonipthing equiv- 
alent to anidyze the lights and as it were to ciifl the»«» 
beautiful jihantoms into esiste nee. Tonnnaline Imntlte 
disftd vantage of being itself a colored snlistnnce ; but 
that inconvenience niay be obviated by employing a re- 
flecting surface as an analyzing pltite. When fiolnrizetl 
light is reflecied by a plate of glass at the polarizhig 
angle, it will bv separated into two colored pencils; and 
when the annly/.ing plate is turned round in its own 
plane, it wUl alternately reflect ench ray at every quar- 
ter revolution, so that all the plienoraena tlnit have been 
described will bo seen by redcctioii on itis surface. 

Colored rings are produced by analyzing polarized 
light transmitted through glass melted and suddenly or 
unequally cooled ; also through thin plates of gtass 
bent with the Imnd, jelly induiated or compressed, &c, 
&42, In short, all the phenometui of colored rings may 
ho produced^ either permatieutly or traosiontly, in A 
f/Lfieitf of suh^tancest by honi and cold, vvi\Vvd cimVm^ 
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cinirippeasion, dilatation, nnd inrkirntlon ; and so littl 
apparatus is necessary for performing lh<* experiraenl 
that, as Sir Jnlin Herschel says, a pi^ce of window 
glass or a polislied table to iiolarize the lights a sheet 
el^nr ice to pnMhice the rings, and ti broken fragmej 
of plate -glass pkced near ibo eye to analyze the lighl 
ar© alone reqnii*ite to produce one of the most splendv 
of optical exhibitions. 

It has been observe (5, that when a ray of hghl 
polarized by reflection from any surface not metallic, I 
naalyzed by a doubly refracting substance, it exhibil 
(iro per ties which are symmetrical both to the right an 
left of tlie plane of reflcctbn^ and the ray is then 
m be polarized accordmg to that plane. This symmeti 
is not destroyed when the ray, liefore being analyzot 
travei-ses the optic axis of a crystal having but on^ 
optic axifl, as evidently appears from the circular forn^ 
of the colored rings already described* Regularly cry* 
talized quartz, however* forms an exception. In it 
even though the rays should pass through the opti 
axis itself, where there is no double refraction, tl 
princdtlre symraetry of the ray is destroyed, and 
plane of primitive jiolarization deviates either to i 
right or left of the observer, by an angle pi-oportionj 
to the thickness of the plate of quartz. This anguf 
motion, or true rotation of the plan© of pokrizatioi 
which h called circular polaiization, is cleurly proved " 
the phenomena. Tlie colored rings produced by 
crystak having but one optic axis are circular, and 
traversed by a black cross concentric with the rings ; i 
that the light entirely vanishes thi-oughout the spai 
Inclosed by the interior ring, because there is neithi 
double refraction nor polnrization along the optic axii 
But in the system of rings produced by a plate i 
quartz, whose surfaces are perpendicular to the axis of 
the crystal, the part within the interior ring, instead of 
being void of light, ia occupied by a unifonn tint of red, 
green, or blue, according to the thickness of the plato 
(N. 209). Suppose the plate of quartz to be ^\ of 
inch thick, which will give the red tint to the spai 
within the interior ring ; when the analyzing plate 
turned in tl^ own plane through nn angjo of 17!^^, tl 




184 ClflCULAR POLARIZATION, SacT. XXII. 

S-red hue vanishes. If a plate of iiock crystal %fj of an 
inch thick b« lased, the unalyxing plate must revolve 
through 35^' beibre the rod tint vanishes, and so on; 
©very additional 25tJi of an inch in thickness reqeirmg 
an ftdtlitional rotation of 17^'^ ; whence it is manifest 
that the plane of polarization revolves in tli© direction 
of a spiral widiin the rock crystaL It is renmrkaUlo 
that in 30m o crystals of quaiiz^ iho plane of polarization 
revolves from right to left, and in others from left to 
riglit, although the crystals themaelvea differ apparently 
only by a vei-y Blight, almost imperceptible variety in 
foiTn, In these phenomena, the rotation to tho right is 
accomplished according to the ssimo laws, and with the 
same energy, as that to the loft. Bnt if two plates of 
qnartz be interposed which possess dilTerent affections, 
me second plate undoes, either wholly or partly, the 
rotatory motion which the first had produced, acconiing 
w^ the plates aie of equal or unequal thickness. When 
the plates are of unequal diickness, the deviation is io 
the direction of the strongest, and exactly t!io same 
with that w^hich a third plate would produce equal in 
thickness to the dilTerence of the two» 

M* Biot has discovered the same properties in a 
variety of liquids. Oil of turpentine^ and an cssentiid 
oil of laurel, cause the plane of polarization to turn to 
the left, whereas the syrup of sugar-cane, and a sohi- 
tion of natiirai camphor by alcoliol, turn it to the right. 
A compensation is ofroeted by the superposition or 
mixture of two liquids which possess these opijosite 
properties, provided no chemical action takes place, A 
remarkaiile dilfereace was also observed by M, Biot 
between the action of the paiticles of the same sub- 
stances when in a liquid or solid state. The syrup of 
grapes, for example, turns tlie plane of polarization to 
3ie left as long fis it remains liqiiid ; but as seen as it 
acquires the solid form of sugar, it causes the plane of 
polarization to revolve toward the right, a property 
whicli it retains even when again dissolved. Instances 
CMKSur also in which these circumstances are reversed. 

A ray of light passing tlirough a liquit! possessing the 
power of circular txikriz^ition is not uflected by mixing 
otlier fluids with the liquid— audi as wator, etlier» alct»> 
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bol, &jc — ^which do Dot possess circular polm-izatiun 
themselves, tbo angle of deviation remainiug exactly the 
same as before the itiLxture. Whence M, Biot infers 
that the action exercised by the liqutda in queslion 
does not depend upon their mass, but thnt it is a mole- 
cular action exercised by the uUimate particles of mat- 
ter, which depends solely upon the individual constitu- 
tion, and is entirely independent of tlie positions and 
mutual distances of the particles with rogiird to each 
other* These impoitant discoveries ahow^ that circular 
polarization surpasses the power of chemical analysis in 
giving certain and direct evidenco of the similarity or 
difference existing in the molecular constitution of bodies, 
BS well as of the permanency of that constitiitiout or of 
the fluctuations to which it may be liable. For example!, 
no chemical dilTeronco has l>een discovered betw^eeii 
syrup h'om the sugar-cfine and syrup from grapes. Yet 
the first causes tiio plane of polarization to revolve to 
the right, mid the other to tlie left ; therefore some es- 
sential dillerenco must exist in the natiu-e of their ulti- 
mate molecules. The sauie dinerence is to bo traced 
between the juices of such plants as p;ive sugar similar 
to that from flio cane, and those which give sngar like 
that obtained from grapes. This eminent t>hiloso[jher 
ia now engaged in a series of experiments on the pro^ 
gressivo chaages in the sap of vogetahlos at dilTerent 
distances from their roots, and on the products that are 
formed at the various epochs of vegetation, from their 
action on polarized hght. 

It is a fact ostahMshed by M, Biot, that in circular 
polarization, the laws cif rotation ft^Uowed by the differ- 
ent simple rays of hght are dissimilai- in ditTerent sul^ 
stances. Wlience he infers that the deviation of the 
simple rays from one another ought not to result from 
a special property of the luminous principle onlyj tuit 
that the proper action of the molecules must also concur 
in moditying the deviations of the simple rays differently 
in diflereut substances. 

One of the many brilliant discoveries of M. Fresno 
ia the production of circukr and elhptical polarization by 
tlie internal reflection of light froni plate glass. He has 
shown that if light polarized by any of the usual nietliQ<lfl 
q2 
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he twicp FPflected wiiliin a glttss rhomb (N. 16G) of a given 
form, the vibm lions oi' rhe efhnr that nri? |>crp(iiidiciiliir 
to l;he piano of incidetico will be retarded a qiiartier of a 
vibration^ which causes the vibrating particles to describe 
circles, and the succesgiou of such vibrating jmrticles 
throughout tlie extent of a wave to form altogether a 
circular helix, or curve like a cork8ci*ew. Howoverj 
that enly happeus when the plane of ixdarization is 
inclined at an nngle of 45° to tlio plane of incidence. 
When these two planes term an angle either greater 
or less^ the succession of vibrating particles forms an 
elliptical hehx, which curve may be represented hj 
twisting a thread in a apira! about an oval rod. These 
curves will turn to the right or left., according to the 
position of the incident plane. 

The nwtion of the etherea! medium in elliptical and 
circular polariz.ation may be represented by the analogy 
of a strolched cord ; for if the extremity of such a coiil 
be agitated at equal and regular intervals by a vibratory 
motion entirely confined to one plane» the cord will be 
thrown into an undulating curve lying wholly in that 
plane. If to this motion there be superadded another 
similar and equal, but perpendicular to the first, the 
cord will assutiie the form of an elliptical helix ; ita ex- 
tremity will describe an ellipse, and every molecule 
throughout its lengdi will successively do the same. But 
if the second system of vibrations commence exactly a 
quarter of an undulation Inter than the first, the cord will 
take the form of a circular helix or cork-screw ; the 
exti'emity will move uniformly in a circ!e» and every 
moleculo throughout tlie cord will do the same in sue* 
cession. It appears, theretbre, tbit both circular and 
eOiptical polarization may be produced, by the compo- 
sition of the motions of two rays In which the particles 
cf ether vibrate in planes at right angles to one another. 

Professor Airy, in a very profound and able paper 
published in the Cambriflge Transactions, has proved 
that all the different kinds of polarized liglit are obtained 
from rock crystaL WTieu jiolarized light is transmitted 
liirough the axis of a crystal of quartJE^ in tlie emergent 
ray the ^mrticles of ether move in n circular helix ; and 
when it is transmitted obliquely so as to form an angle 
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wirh the axis c^f tho prism, the particles of ether move 
in an ellipticaL helix, tho ellipticity increasing with the 
obliquity of the iiicidont ray ; so that, when tho iiicideiit 
ray falls perpeDdicularly to tho axis, the particles of 
ether move in a straight line. Thus quaitz exhibits 
every variety of elliptical polarizatioo, ovon incliKfrng 
the extreme cases where the eccentricity is zero, or 
equal to the greater axis of the ellipse (N. 210). In 
many ctystals the two rays are so little aeparatedj that 
it ia only from the uaturo of the transmitted light that 
they are known to have the property of double refrac- 
tioB, M* Freanel discovered by experiments on the 
properties of light jiassing throngh the axis of quartsEf 
that it consiBt43 of two superposed rays, moving with 
dilforent velocilics ; and Professor Airy has shown, that 
iu these two rays, tlie molecules of ether vibrate in 
similar ollipises at right angles to each other, but in dif* 
fereot directions; that their eUipticity varies with the 
angle wliich the incident my makes with the axis ; and 
that, by the composition of their motions, they pi-oduce 
all the phenomena of pcjlari?;ed light observed in quartz* 

It appears from what has been said, that the mole- 
cules of ether always perform their vibrations at right 
angles to the directiou of the ray, but very ditl'erently in 
the various kinds of Hght* In natural light the vibrations 
ore rectilinear, and in every plane. In ordinary polar- 
ized light they are rectilinear, but confined to one plane ; 
in circular polarization the vibrations are circular; and 
in elliptical polarization the molecules vibrate ia ellipses. 
These vibrations are communicated from molecule to 
molecule, in straight lines w^hen they are rectihnear, in 
a circulai' helix when they are circular^ and in an oval 
or elbpticFil holix when ellipticaL 

Some fluids posse ssi the property of circular polar- 
ization, as oil of turpentine ; and elliptical jKjtarization, 
or somethiojg simibu% aeems to be produced by reflection 
from metallic surfaces. 

The colored images from polarized light arise from 
the interference of the rays (N, 211). MM. Fresnel 
and Arngo found that two i-ays of polaiizod light inter- 
fere and produce colored fringes if they hp. polarized in 
tlio same plauo^ but that thoy do not inteifero when 
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fKjlamsod in different planes. In all intenncdiate posi- 
tions, fringtia of intermediate brightness are produced. 
The analog of a stretched cord will show bow this 
happens. Suppose the cord to be moved backward and 
forward horizontaJij at equal inter\'als ; it will be tlirown 
into an undulating cun'e lying all in one plane. If to 
this motion there be superadded another similar and 
equal, commencing exactly half an undulation later than 
the first, it is evident that the direct motion every mole- 
cule will aaisume, in contsequence of the first system of 
waves, will at every instant be exactly neutralized by 
tlio retrograde motion it would take in virtue of the 
second; and the cord itself will be quiescent in conse- 
quonco of the interferencts. But if the second system 
of waves be in a plane perpendicular to the firsts the 
effect would only be te twist the rope, so tliat no inter- 
ference would take place. Rays polarized at right an- 
gles to each other may subset]uently be brought into the 
fiame plaue without acquiring the property of producing 
colored fringes ; bnt if they belong to a pencil the whole 
of which was originally polarized in the same plane, tliey 
will interfere. 

The manner in which the colored images are formed 
may be conceived, by considering tliat when polarized 
light passes through the optic axis of n doubly refracting 
substance, — as mica, for example, — it h divided into tw^o 
pencils by the analyziug tourmaline \ and as one ray is 
absorbed there cau be no interference. But when 
polarized hght passes tlu-ough the mica in any other 
direction, it is separated into two white raya, and these 
are again divided into four pencils by the t4>urmaline, 
which absorbs two of tliem ; and the other two, being 
transmitted in the same plane with different velocitieg, 
interfere and produce the colored phenomena. If the 
analysis be made with Iceland spar, the single ray pass- 
ing through the optic axis of the mica will bo refracted 
into two rays polarized in different planes, and no in- 
terference will happen. But when two rays are trans- 
mitted by the mica, they will bo sei^arated into four by 
the si)ar, two of which will interfere to form one imago, 
and the other two, by their interference, will produce 
the complementary colors of the oilier imago, when the 
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sper has reTolved through 90° ; because, in such posi- 
tions of the spar as produce the colored images, only 
two rays are visible at a time, the other two being re- 
flected. When the analysis is accomplished by reflec- 
tion, if two rays are transmitted by the mica, they are 
polarized in planes at right angles to each other. And 
if the plane of reflection of either of these rays be at 
right angles to the plane of polarization, only one of 
ihem wUl be reflected, and therefore no interference 
can take place ; but in all other positions of the analy- 
zing plate both rays will be reflected in the same plane, 
and consequently will produce colored rings by their 
interference. 

It is evident that a great deal of the light we see must 
be polarized, since most bodies which have the power 
of reflecting or refracting light also have the power of 
polarizing it. The blue li^t of the sky is completely 
polarized at an angle of 74° from the sun in a plane 
passing through his center. 

A constellation of talent almost unrivaled at any 
period in the history of science, has contributed to the 
theory of polarization, though the ori^al discoveiy of 
that property of light was accidental, and arose from an 
occurrence which like thousands of others would have 
passed unnoticed, had it not happened to one of those 
rare minds capabl»of drawing the most important in- 
ferences from circumstances apparently trifling. In 
1808, while M. Malus was accidently viewing with a 
doubly-refracting prism a brilliant sunset reflected from 
the windows of tibe Luxembourg palace in Paris, on 
turning the prism slowly round, he was surprised to 
see a veiy great diflerence in the intensity of the two 
images, the most refracted alternately changing from 
bri^tness to obscurity at each quadrant of revolution. 
A phenomenon so unlocked for induced him to investi- 
gate its cause, whence sprung one of the most elegant 
and refined branches of physical optics. 
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sectioit xxin* 

Objoctioiiii lo LliB Undulaiory Theoryj from a DifFerenco in the Actum of 
Sound and Light under the same circuoistaiires, removed— Tho D»|)«if' 
(ioa bf Light accoriLjig to the UiiJuktury Tikooiy. 

The Rumerou.^ phenomtana of p(*ricK3tcal colors orisiiig 
from die ioterferencc* of Hght, which do not admit of 
satisfactory expliiimtlon on any other principle than the* 
nndulatury theory, are the Btn^Dgeat ailments io tavor 
of that hypothesis • and even cases which at ooe rime 
seemed iinfavDrable to that doctriue have provud upon 
iuvesli|^ntion to proceed from it abae. Sueh is the er- 
roaeons objectioa whieh has been made, in consequence 
of a dilFcrence in tlio mode of action of light and sound, 
uuder the same circumstances, in one particular in- 
stance. \\Tien a ray of light from r luminous point, 
and a diverging sound, are both ti'ansmitted through u. 
very small hole into i\ dark room, the light goes straight 
forward and illmniriatea a small ^pot on the opposite wall, 
leaving the rest in dnrkne?*s ; wliereas the sound on en- 
tering diverges in all directions, and is heard in every 
pait of the room. These phenomena, however, instead 
of being at variance witli the imdnktory theoiy, are 
direct consequences of it, arising fi-om the very great 
difference between the magnitude of the undulations o£ 
sound and those of light. The undulations of light are 
incomparably less than the minute aperture, while those 
of sound ore much greater- Thereforo when light di- 
verging from a luminous point enters the hole^ the rays 
round itg edges are oblique, and conaoquently of dilTerent 
lengths, while those in the center are direct, and nearly 
or altogether of the same lengths. So that the small 
undulatitms between the center nnd the edges are m 
different phases, that is, in different states of imdula- 
tion. Therefore the greater number of them interfere, 
and by destroying one another produce darkness all 
ai'ound the edges of the aperture ; whereas the central 
rays having the same phases, combine, and produce a 
spot of bright light on a wall or screen dnectly opposite 
the hole. Tho waves of air producing sound, on the 
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contrary, being very large compared with the hole, do 
not setisibly diverge in passing through it» and are thero- 
ibro all so nearly of the souie length, nud ct)oseqn©nt!y 
in the siinie phase, or state of uaduktion, diat nauo of 
tliem interfere sufficiently to destroy one aootlier, 
^^ence all the particles of air in the room ai'e set into a 
state of vibrutjon, so that the iutensi^ of the sound is 
very nearly evorywliere tb© same. Sti'ong as ihe pre- 
cepting cases may bo, the following expertmont made by 
M. Arago about twenty years ago seems to be decisive 
in favor of tlio undulaiory doctrine. Suppose a itlano- 
convex lens of very gi-eat radius to be placed upon a 
plate of very highly pohshed metab Wlit;n a riiy of 
I>olarized light falls u^jon this apparatus at a very greiit 
angle of incidence, Newtoii's rings are seen at the point 
of contact. But aa the polarizing angle of glass diJfera 
from that of metal, when the light falls on the lens at 
the polarizing angle of glass, the black spot and the sys- 
tem of rings vanish. For although light in abundance 
continuea to be refiected from the surface of tiie metal, 
not a ray is raflectod h*om the surface of the glass that 
is in contact with it, consequently no interference can 
take place ; which proves, beyond a doubt, that New- 
ton's rings result from the interference of tJio light re- 
flected from boili the surfaces apparently in contact (N- 

Notwithstanding the successfdl adapt-ation of the uu- 
dulatory system to phenomena, tlie dispersion of bght 
for a long time offered a formidable objection to that 
theoty, wiiich has only been removed dm-ing iho present 
year by Proleasor PoweD of Oxford. 

A sunbeam falling on a prism, instead of bemg re- 
fracted to a single point of white light, is separated inlto 
its coni|)onont colors, which are dispersed or scattered 
uaequaily over a considemble s|>ace, of which the portion 
occupied by tJie red rays is tlie lefist, and that over which 
the violet rays are dispersed is the greatest. Thus tlio 
rays of the colored spectrum whose waves are of differ* 
eat lengths, have diderent degrees of refmngibility, and 
consequently move with different ve loci ties » either in the 
medium which conveys the light from the sun, or in the 
rofracting medimn, or in both ; whereas rays of all colors 
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come fi'om tbe sun to the eartb with ihe same velocity. 
If, io J«rdT thtJ velDcitiea of the various reys wure diifer- 
etit in space, the nberrattoii of the fixed stars^ which is 
inversely as tho velocity, would be diflbrent for cliJferent 
colors, and every star would appear as a spectrum whoso 
length would be parallel to the directioti of the earth^s 
motion, which is not found to agree with observation. 
Besides, there is no such difforonce in the velocities of 
tho long and short waves of air in the analogous case of 
sound, since notes of the Joweat and highest pitch are 
heard in the order in which they are struck. In fact, 
when tJio sunbeam passes from air into tlie prism its 
velocity is diminished ; and as its refraction and conse- 
quently its dispersion depend solely u[x>n the diminished 
velocity of the transmission of its waves, they ought to 
he the snmo for waves of all lengths, unless a connection 
exists Ijetween tho length of a wave, and tho velocit}" 
with which it is propagated. Now this connection be- 
tween the length of a wave of any color aod its velocity 
or refrangibility in a given medium, has tieen deduced 
by Professor Powell from M, Cauchy's investigations of 
the properties of light on a peculiar modiftcation of tho 
undulatoiy hyjx}thesia» Hence the refraugihilrty of the 
various colored rays computed from this relation for any 
given medium, when compared with their refrangibihty 
in the same medium determined by actual observation, 
will show whether the diBpersion of light comos under 
the laws of that theory. BuC in order to accomplisli 
this, it is clear that tbe length of the waves should he 
found independently of refrtiction, and a very beautiful 
discovery of M- Fraunhofer fm-nishes the means of 
doifig so. 

That phDoaopher obtained a perfectly pure and com- 
plete colored spectrum with all its dark and bright: lines 
by tba interference of light alone, from a sunbeam pass- 
ing through a series of fine t)ai'allel wires covering tbo 
object glass of a telescope. In this spectrum, formed 
independently of prismatic refraction, the positions of 
the colored rays depend only on Ihe lengths of their 
waves, and M. Fntunhofer found that the intervals be- 
tween them are precisely proportional to tJie diflerences 
of ihose lengths. He measured the lengths of the waves 
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of the different colors at seven fixed points, determined 
by seven of the principal dark and bright lines. Profes- 
sor Powell, availing himself of these measures, has made 
tli& requisite computations, and has found that the coin- 
^^idence of theory with observation is perfect for ten 
substances whose refrangibility had been previously de- 
termined by the direct measurements of M. Fraunhofer, 
and for ten others whose refrangibility has more recently 
l^een ascertained by M. Rudberg. Thus, in the case of 
seven rays in each of twenty different substances solid 
end fluid, the dispersion of light takes place according to 
the laws of the undulatory theory ; and as there can 
liardly be a doubt that dispersion in all other bodies will 
i>e found to follow the same law, the undulatory theory 
of light may now be regarded as completely established. 
It is however an express condition of the connection be- 
tween the velocity of light and the length of its undula- 
tions, that the intervals between the vibrating molecules 
of the ethereal fluid should bear a sensible relation to 
the length of an undulation. The coincidence of the 
computed with the observed refractions shows that this 
condition is fulfilled within the refracting media ; but 
the aberration of the fixed stars leads to the inference 
that it does not hold in the ethereal regions, where the 
velocities of the rays of all colors are the same. 
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ChemiRal or Photographic Ila^s of the Solar Spectrum — Messrs. Scheele, 
Ritter, and WoUaston's Discoveries— Mr. Wedgewood and Sir Humphry 
Davy's Phutog^phic Pictures — The Calotjrpe — The Daguerreotjrpe— 
The Chromatype — The Cyanotype — Sir John Herschel's Discoveries in 
the Photognraphic or Chemical Spectrum — Mons. E. Becquerel's Discovery 
of Inactive Lines in the Chemical Spectrum. 

The solar spectrum has assumed a totally new char- 
acter from recent analysis, especially the chemical por- 
tion, which exercises an energetic action on matter, pro- 
ducing the most wonderful and mysterious changes on 
the organized and unorganized creation. 

All bodies are probably affected by light, but it acts 
with greatest energy on such as are of weak chemical 
affinity, imparting properties to them which, the^ dvd 
13 R 
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not possess bcforo. Metallic salts, especiaUy those of 
fiilver, whose molecules are held together by an unstable 
©quilibrium, are of fill bodies the most susceptible of its 
influence ; the eflbets howi*ver vnry with tiie sul>3taDce« 
em()loyed nnd with the difiereut riiys of the solur spec- 
trnmj the chemical piofjcrties of whicb are by oo mean^ 
alike. As early as 1772 M, Scheele slaowed tliat xhv) 
pure white color of chloride of silver was rapidly dark- 
ened by the blue rays of the solar spectrum, while tlie 
red rays had no elfect upon it; and in 1801 M. Ritter 
discovered that invisible rays beyoad the violet extremity 
have the propeitj^ of blackening argentine salt-s, that 
thiM jjroperry dijiuiiishe^ toward the less refmnjEribie part 
of the sppctrani, and that the red rnys have an opposite 
qualityi thai of restoring the hiackeiiod salt of silver to 
its original purity, from which ho infeiTod that the most 
refrangilile extreiuity of the spectrum has tin oxy|;en- 
I2ing power, aud the other that of de oxygenating. Dr. 
Wollaston found that gum ^uaiacum acquires a green 
color in the violet and blue rays, and resumes its original 
tint in the red. No attempt had been made to trace 
natural objects by means of light reflected from them 
till Mr. WedgewootI, together with Sir Humphry Davy, 
tank up the subject; they prod need profiles and tracings 
of objects on surfaces prepared wilh nitrate and chloride 
of silver, but they did not succeed in rendering then- 
pictures permanent* This difficulty was overcome in 
1614 by M. Niepce, who produced a permanent picttue 
of surrtmnding objccia, by placing in the focus of a 
camera obscnra, a metallic plate covered with a film of 
aspiialt diasolvecli in oil of lavondGr- 

Mr. Fox Talbot, witlioutany knowledge of M , Nicj>c^'8 
experiments, had been engaged in the same pui'suitt 
and must be regarded as an independent inventor of 
photography, one of the most beautiful arts of modern 
times : he was t!ie lust who succeeded in using paper 
chemically prepared for receiving impressions ft-om nat- 
ural objects ; imd he also discovered a method of iixing 
permauently the im|irossions — that is, of rendering the 
paper insensible to Einy further action of light. In the 
calotype, one of Mr, Talliot's most recent applicatioDiS 
of the art, this phot ogniphic suiiaco is j n^pared liy wash- 
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ing smooth writing-paper, first with a solation of nitrate 
of silver, then with bromide of potassium, and again with 
nitrate of silver, drying it at a fire after each washing ; 
tlie paper is thus i*endered so sensitive to light that even 
tihe passage of a thin cloud is perceptible on it, conse- 
quently it must be prepared by candle-light. Portraits, 
buildings, insects, leaves of plants, in short every object 
is accurately delineated in a few seconds, and in the 
focus of a camera.obscura the most minute objects are 
80 exactly depicted that the microscope reveals new 
beauties. 

Since the effect of the chemical agency of light is to 
destroy the affinity between the salt and the silver, Mr. 
Talbot found that in order to render these impressions 
permanent on paper, it was only necessary to wash it 
with salt and water, or with a solution of iodide of po- 
tassium. For these liquids the liquid hyposulphites 
have been advantageously substituted, which are the 
most efficacious in dissolving and removing the unchanged 
salt, leaving the reduced silver on the paper. The cal- 
otype picture is negative, that is, the lights and shadows 
are the reverse of what they are in nature, and the 
ri^t-hand side in nature is the left in the picture ; but 
if it be placed with its face pressed against photographic 
paper, between a board and a plate of glass, and exposed 
to the sun a short time, a positive and direct picture as 
it is in nature is formed ; engravings may be exactly 
copied by this simple process, and a direct picture may 
be produced at once by using photographic paper aheady 
made brown by exposure to light. 

While Mr. Fox Talbot was engaged in these very 
elegant discoveries in England, M. DagueiTe had brought 
to perfection and made public that admirable process by 
which he has compelled Nature pemianently to en- 
grave her own works ; and thus the talents of France 
and England have been combined in brining to perfec- 
tion this useful art. Copper, plated with silver, is suc- 
cessfully employed by M. Daguene for copying nature 
by the agency of light. The surface of the plate is 
converted into an iodide of silver, by placing it horizon- 
tally with its face downward in a covered box, in the 
bottom of which there is a small c\\iaii\\X^ ot \^^^SL^ 
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wliicb evaporates sponfaneoualy. la Ihre© or four 
mlDUtes the surfnce acquires a yollow tint^ and tlien, 
BcreeDiri^ it carefuUy from light, it mii.^t be placed in 
the focus of a cam era obscora, where an invmible image 
of exLcnial objects will be impressod on it in a few 
mimites. When taken out tbe plate must be exposed 
in another box to tbe action of niercnrial vapor, w^hich 
attach OS ItJ^elf to tlios© i>art3 of llie plate wliich had 
been exposed to light, but do or not adhere to such fmrta 
a^ bad boon in shadow ; and as the quantity of mercafy 
over the other parts Is in exact proportion to the de- 
gree of illumination, the shading of the picture is per- 
fect. The image is lixed, first by romoving the iodine 
from the plato, by plunging it into hyposulphite of soda^ 
and then washing it in distilled water ; by this process 
the yellow color is destroyed, and in order to render 
the tnercury permanent, the plate must be exjxised a 
few minutes to nitric vapor, then placed in nitric acid 
containing copper or silver in sohitioo at a temperature 
of 61 J "^ of Fahrenheit for ii iihort time, and lastly 
polished with chalk. This final part of the process ia 
due to Dr. Berre, of Vienna. 

Nothing can bp more beautiful than the shading of 
these chiar-oscuro pictures when objects are at rest, 
but the least motion destroys the efiect; tbe method 
therefore is more applicable to buildiup than landscape. 
Color alone is wanting ; but tlie researches of Sir John 
Horschel give reason to believe that even this will ulti- 
mataly be attained. 

The most perfect impressions of seaweeds, leaves of 
plants, feathers, &:cr, may be formed by bringing the 
object into close contact with a sheet of photographic 
paper, between a boaixl and plate of glass ; then ex- 
posing the whole to the sun for a short time, and after- 
ward fixing it by the process described. Tho colors of 
tlie pictures vary with the prei>aratioa of the paper, by 
which almost any lint may bo produced, 

111 liie chromatype, a peculiar photograph discovered 
by Mr. HunU chromate of copper is used, on w^hich a 
dark brown negative image is first formed, but by the 
continued action of light it is changed to a positive 
^'f^Dow pivtiii'o on a white g;i"ound-, ihu fvLVlhtir elfect 
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of light is checked by washing tho pictiirti in piiro 
water. 

lu cyariotypes^ a class of photographs disctjvered by- 
Sir John Herschel» in which eyonogun iu its combina- 
tious with iron forim the ground, the pictures are 
PrusaiQU blue und white. In the chrj-sotyjje of the 
aaiii© euiiijont philosopher, the imtige is first received 
on paper prepared with the aiiiniDnia-citi'ato of iron, 
suid afterward washed with a neatral solution of gold. 
It is fixed by water acidulattjd with sulphuric acid, and 
lastly by hydriodate of [ajtash^ from wiiich a whit-e aa(J" 
purple photogruph results. It is vain to attempt to de- 
scribe the various beautiful cflectri which Sir John 
Herschel obtained from chemical compounds, and from 
tho juices of plunts : tho juice of the red poppy gives a 
positive bhiish purple imnge^ that of the teji-week stock 
a fine n*se color on a pale straw-colored graurKl. 

Pictures may be uuide by exposure to tiuushine, on 
hII conipouudi substanci^s huvinga wonk chemical afliuity, 
hut the image is often invisible, aa in the Da^norreo type, 
till brougbt out by w^ishing in souie chemical prepara- 
tion. Water is trequently sufficient ; indeed Sir John 
Herschel brought out dormant photographs by breathing 
on them» and some substances are instinsible to the ac- 
tion of light till moistenedt as for example gum guaiii- 
cam. Argentine papers, however, are little subject to 
the influence of moisture. The power of the solar rays 
is augmented in certain cases by placing a plate of glaas 
in close conhict over the sensitive surface. 

Chemical aciion always BcctimpEinies the sun's light, 
but the analysis of the solBr spectrum hns partly dis- 
closed tlie wondertal nature of the emanation. In the 
research, properties most important and unexpected 
have been discovered by Sir John Herschel, who im- 
prints the stamp of geaiua on all he touches — his elo- 
quent papers can alone convey an adequate idea of their 
value in opening a field of inquiry vast and untrodden,^ 
The following brief and imperfect account of his exper- 
iments is all thai, can be attempted here : — 

A coitain degree of chemical energy is distributed 

through eveiy part of the solar spectrum, and also to a 

considerable extent through the dark spares at each ex- 
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tremtly. This distribution dops not depend on the re- 
fniiigibiliiy of iJie rays alone, but al^o on the uature of 
the rays rjiemselvea^ rmd on the physical properties of 
the analyzing medium on which the rays m'(^ received, 
whosa changes indicate and measure their action. The 
lenj^tli of the photogmph ic image of the A-amc solar s(>pc- 
trum vfurieH with the physicRl qualities of tlie surtiice on 
which it is impressed. When the solar ^pectnuni is 
received on paper prepared witJi bromide of silver, the 
chemical specti'nm, as indicated !iierely by the length of 
the darkened part, iaclndes widiin its iiniits the whole 
Imiiinotis spectrunij extending ia one direction fai* be- 
yond the ©xtremti violet and Inveiitlijr mys^ and in th© 
^tlit^r down to the extromeat red : with tartrate of sil- 
ver the darkening occupieii not only all the space under 
the niofit refrangible 3*ays, but reaches nuudi beyond the 
extreme red. On paper prepared with form obenz onto 
of silver the cliemical spectrum is cut off at the onuigo 
iiiys, with phosphate of t;ilver in tho yellow, mid with 
chloride of gold it terminates with the gi ecu, with car- 
bonate of mercury it ends in the blue, and on paper 
pre[iared with the percyimide of gold, ammonia, and 
nitrate of silver, tho darkening lios entirely beyond the 
visible spectruni at its most refrnugible extremity, and 
h only haif its length, whereas in some cases chemicfd 
action occupies a space more than twice tho length of 
tlie luminous itniige. 

The point of maximum energy of chemicfd action 
varies aa much foi- didbrent preparations as the scale of 
action. In the greater number of cases tho poyit of 
deepest blackening lies about the lower edge of the rn» 
digo rays, though in no two case^^ is it exactly tho same* 
and in many substances it is wrdtdy dillcrent. On paper 
prepared with the jnice of the ten- week stock (Mathiola 
annua), there are two maxima, one in (he mean yellow 
and a wejiker in the violet ; and on a prepanition of tar* 
trate of silver, *Sir John Herschtd found three, one in 
the least refrangible bine, one in the indigo, and a tlnrd 
beyond the visible violeL Tlie decrease in photographic 
energj^ is Heldom peHectJy alike on both sides of tho 
niaxinmm. Thus at the most refrangible end of the 
Bolur spectrum tlie greatest chemirn! pi>wer is exerted 
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in most instanced where there is least light and heat, 
and even in the space where both sensibly cease. 

Not only the intensity but the kind of action is differ- 
ent in the different points of the solar spectrum, as 
evidently appears from the various colors that are fre- 
quently impressed on the same analyzing surface, each 
ray having a tendency to impart its own color. Sir John 
Herschel obtained a colored image of the solar spectrum 
on paper prepared according to Mr. Talbot's principle, 
from a sunbeam refracted by a glass prism and then 
highly condensed by a lens. The photographic image 
was rapidly formed and very intense, and v^en with- 
drawn from the spectrum and viewed in common day- 
light it was found to be colored with sombre but une- 
({uivoeal tints imitating the prismatic colors, which varied 
gradually from red through green and blue to a purplish 
black. After washing the surface in water, the tints 
became more decided by being kept a few days in the 
dark — a phenomenon. Sir John observes, of constant 
occuiTence, whatever be the preparation of the paper, 
provided colors are produced at all. He also obtained a 
colored image on nitrate of silver, the part under the 
blue rays becoming a blue brown, while that under the 
violet had a pinkish shade, and sometimes green ap- 
peared at the point corresponding to the least refrangible 
blue. Mr. Hunt found on a paper prepared with fluoride 
of silver that a yellow line was impressed on the space 
occupied by the yellow rays, a green band on the space 
under thd green rays, an intense blue throughout the 
space on which the blue and indigo rays fell, and under 
the violet rays a ruddy brown appeared ; these colors 
remained clear and distinct after being kept two months. 

Notwithstanding the great variety in the scale of 
action of the solar spectrum, the darkening or deoxy- 
dizing principle that prevails in the more refrangible 
part rarely surpasses or even attains the mean yellow 
ray which is the point of maximum illumination ; it is 
generally cut off abruptly at that point which seems to 
form a limit between the opposing powers which prevail 
at the two ends of the spectinim. The bleaching or ox- 
ydizing effect of the red rays on blackened muriate of 
silver discovered by M. Ritter of Jena, and the restom- 
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tion by the same rays of discolored gum gunincDm to its 
original tint by Dr. Wuljaston, liavo already been mcH' 
tioned as giving tho firet indications of that dilTerenc© in 
the iJifKlts of action of the chemical rays at the two ends 
of th© visible spectrum, now placed beyond a doubt. 

The action exerted by the less refrangible rays be- 
yond and at tho red extremity of the solar spectrum, in 
most ioistances, so far fi'um blackening metallic snlta, 
pratects them from the action of the dilfused daylight ; 
but if the prepared surtuce haa fdreiwly been blackened 
by exposure to tke sun, they possess the remarkable 
property of bleaching it i.Q sonio cases, auti undt^r other 
circumstances of changing the black surface iuto a tiery 
red. 

So- John Herschel, to whom wo owe most of oujc 
knowledge of the properties of the cliomical spectrui 
prepared a shoot of paper by washing it witli murial 
of ammonia, and thou with two coat^ of nitrate of silver; 
on this surface he obtjiiued an impression of the solar 
spectrum exhibiting a range of colors veiy nearly cor- 
responding with its natural hues. But a veiy remarka- 
ble phenomenon occurred at tha end ol* leii-st refrungi- 
bility ; the red rays exerted a protecting inliuence 
which preserved the patier from the change w*hich it 
would othei-wise have undergone from the deoxydizing 
influence of tho dispersed bglit wliich idways surrounds 
the solar spectrum, aud this nunutaineil its whiteness, 
Sh' John met with another instance on paper prepared 
with bromide of silver, on wliich tho whole of tiio space 
occupied by the visible spectrum was darkened down to 
the very extremity of the rod rays, but an oxydizing 
action commenced beyonti the extreme red, whicli main- 
tained iho whiteness of the paper to a considerable dis- 
tance beyond the last traceable limit of the visible rays, 
thus OTincing decidedly the existence of some chemical 
power over a cousidonible space beyond \he least re- 
frangible en4 of the spectrum. Mr. Hunt also found 
that on the Daguerreotype plate a powerful protecting 
indueuce is exercised by the extreme red rays. In 
these cases the red and those dark rays beyond them 
exert an action of an opposite iiature ti> that of the violet 
and lavender mv«. 
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The least refrangible part of the solar spectrum pos- 
sesses also, ander certain circumstances, a bleaching 
property, by which the metallic salts are restored to 
their original whiteness after being blackened by ex- 
posure to common daylight, or to the most refrangible 
rays of the solar spectrum. 

Paper prepared with iodide of silver, when washed 
over with ferrocyanite of potash, blackens rapidly when 
exposed to the sokir spectrum. It begins in the violet 
rays and extends over all the space occupied by the dark 
chemical rays, and over the whole visible spectrum 
down to the extreme red rays. This image is colored, 
the red rays ^ving a reddish tint and the blue a bluish. 
Jn a short time a bleaching process begins under the red 
rays, and extends upward to the green, but the space 
occupied by the extreme red is maintained perfectly dark. 
Mr. Hunt found that a similar bleaching power is exerted 
by the red rays on paper prepared with protocyanide of 
potassium and gold with a wash of nitrate of silver. 

The application of a moderately strong hydriodate of 
potash to darkened photographic paper renders it pecu- 
liarly susceptible of i)eing whitened by further exposure 
to light. If paper prepared with bromide of silver be 
washed with ferrocyanate of potash while under the 
influence of the solar spectrum, it is immediately dark- 
ened throughout the part exposed to the visible rays 
down to the end of the red, some slight interference 
being perceptible about the region of the orange and 
yellow. After this a bleaching action begins over the 
part occupied by the red rays, which extends to the 
green. By longer exposure an oval spot begins again to 
darken about the center of the bleached space ; but if 
the paper receive another wash of the hydriodate of 
potash, the bleaching action extends up from the green, 
over the region occupied by the most refrangible rays 
and considerably beyond them, thus inducing a negative 
action in the most refrangible part of the spectrum. 

In certain circumstances the red rays, instead of re- 
storing darkened photographic paper to its original 
whiteness, produce a deep red color. When Sir John 
Herschel received the spectrum on paper somewhat 
discolored by exposure to direct sunshine, instead of 
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whiteness, a rffd border was formed extending from the 
space occupied by tlie orange, tind nearly covering thnt 
on which the red fbll. Wiien, instead of exposii>3 the 
paper in the first instJince to direct suushine, it was 
bltickened by the violet niys of n prismatic spectrnm* or 
by a sunbeam that had undergone the absorptive action 
ot" a solution of ammonia-fiulphate of copper, the red 
rnys of the condensed spectrum produced on it^ not 
whitenessj but n. full iind fioiy red which occupied the 
whole spKCK on which any of iho visible rod mjs bad 
fallen^ and this red remained unchanged, however long 
the paper remained exposed to the least refiTingible rays. 

Sunlight transmitted through red glass prodnces the 
same eflbct as the red rays of the spectrum in the fore- 
going oxporiment. Sir John Herschel placed an en- 
grnving over a pnpnr bkckeced bj cTcposure to sunshine, 
covering the whole with a dark red -brown glass previ- 
ously asctirtain«d to nhsnrb every ray beyond the omngor 
in tliis way a photographic copy was obtamed in which 
the siiades were black* fts iu the original oograying, but 
tlie lights, iriBtend of being wliite, were of the red coior 
of venous blood, nod no other color could be djtmnod bj 
exposure to light, however long. Sir John ascertnined 
that every pa it of the spectrum impressed by the more 
refrnngible rays is equally red{!ened, or nearly so, by the 
subsoquenr: action of the less refrongible ; thus the red 
rfiys have the very renmrkable property of assimilating 
to tlipir own color the blackness already impressed on 
photographic paper. 

Thnt thei« is a deoxy dating property in the more re- 
frangible rays, and aa oxydating action ia the less re- 
frangible part of the speetmni, is manifest from the 
blackening of one and the bleocliing effect of the other; 
but the peculiar action of the red rays in the experi- 
ments mentioned^ shows that some other principle exists 
dilfercnt from contrariety of nctiou. These opposite 
qualities are balanced or neutralized iu the region of the 
mean yellow ray. But nithough tliis is the general 
character of the phototrnipJiic spectrum, under cert4iin 
cii cum stances even the red mys have a deoxy dating 
[xjwert while the blue and scai'let exert a contrftry inilu- 
Hfjcff; btil flwHf^ are i7?re except ion«i* 
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The photograpliic action of the two portions of the 
solar spectrum being so different, Sir John Herschel 
tried the effect of their united action by superposing the 
less refrangible part of the spectrum over the more re- 
frangible portion by means of two prisms, and he thus 
discovered that two rays of different refrangibrlity, and 
therefore of different lengths of undulation, acting simul- 
taneously, produce an eflect which neither acting sepa- 
rately can da. 

Some circumstances that occurred during the analysis 
of the chemical spectrum seem to indicate an absorptive 
action in the sun's atmosphere. The spectral image 
impressed on paper prepared with nitrate of silver and 
Rochelle salt, commenced at or very little below the 
mean yellow ray, of a delicate lead color, and when the 
action was arrested such was the character of the whole 
photographic spectrum. But when the light of the 
solar spectrum was allowed to continue its action, there 
was observed to come on suddenly a new and much 
inore intense impression of darlcness, confined in length 
to the blue and violet rays ; and what is most remarka- 
ble, confined also in breadth to the middle of the sun^s 
image, so far at least as to leave a border of the lead- 
colored spectrum traceable, not only round the clear 
and well-defined convexity of the dark interior spectrum 
at the least refrangible end, but also laterally along both 
its edges : and this border was the more easily traced 
and less liable to be mistaken from its striking contrast 
of color with the interior spectrum, the former being 
lead gray, the latter an extremely rich deep velvety 
' brown. The less refrangible end of this interior brown 
spectrum presented a sharply terminated and regularly 
elliptical contour, the more refrangible a less decided 
one. " It may seem too hazardous," Sir John continues, 
»* to look for the cause of this very singular phenomenon 
in a real difference between the chemical agencies of 
those rays which issue from the central portion of the 
sun's disc, and those which, emanating from its borders, 
have undergone the absorptive action of a much greater 
depth of its atmosphere ; and yet I confess myself some- 
what at a loss what other cause to assign for it. It 
must suffice, however, t^ have thrown out the hint, re- 



SmcT. XXIT. 




I faaris other. And I mm dispoaed 
. ervideoce of ^e existeMie of an 

bcfund Ibe tomliiDiis one.*^ 
■^in gh iw f 11 ^ that there are 
I in the tnmsiiuesioD of the pbo- 
I wfaidi bare not yet been expkined, aa 
the tnfiueiiee which die time of the dny 
OQ the repiditj with wfaicb photographic im- 
naoos are made, the son being miich less effective 
hiNiia after iiaasiig the meridiaii than two hours 
There is also rea^m to suspect that the effect 
in aome way depends on the latitude, sioce a much 
longer time la requirsd to ofaftaiti aa tmage under the 
hrigjbt skies of the tropics than in England, and it is 
9*en probable that there is a difTerence in the sun's 
l||)it in hi^ and low latitudes, because an image of tho 
•olar sf^ectram obtained on a Daguerreotype plate in 
Virginia by Dr. Draper, differed from a speclnd image 
obtained by ^Ir. Hunt on a similar plate in England. 
The inactive spaces dUcovered in the photographic spec- 
trum by >L E, Beccjuerel similar to those in the lumi- 
nous spectrum, and coinciding with them, is also a phe* 
nomenon of which no explanation has yet been given* 
Ahhotigh chemicid action extends over the whole luml- 
DOOB spectrum and much beyond ic in gradations of 
more or lea.^ iateosity, it is found by careful iuvestiga- 
tioQ to be by no means continuous ; miiiieroiis inactive 
lines cross it coiocidincj with those in the kiniioous image 
as far m it extends : besides^ a very jE^reat number exist 
in the jMirtiont* that are obscure, and which overlap the 
visible part. There rn-e three extru-spectral lines be- 
yond tho r*?d, and some strongly marked groups on the 
obscure jjart beyond the violet ; but the whole number 
of those inactive lineH, especially in the dark spaces, is 
so great that it is impossible to count them. 

Notwithstanding; this coiacidenco in the inactive lilies 
of the two spectra, photo gmpliic energy h independent 
of both light and heat, since it exerta the most poweiful 
inrtuenco in tliose niys where they rire loai^t, and ako 
in spaces where neither sensibly exist ^ but the traas- 
inission of the sun's light through coIofcmI media make« 
that iudop*iudeiict' ijn'tf* evident. Heat and light pass 
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By reversing the experlitit5nt, and exposing dilForcnt 
i«ibstauc(^H to caloric that hiid already pussed through 
^am, M. Melloui found fliat ihci heat eiuorgiug from 
um is ahiiost totally intercepted by opaque siiti stances, 
ind is abiiiidiLDtly transmitted by all siitih as ure trans- 
parent and colorless, and thai; it sulTera no appreciable 
Dss when the thickness of the plato is viiried vrithin 
fcermhi limits. The properties of the heat tkerefore 
rhich issiH's from alum, nearly approach to those of 
"lit and iiolar heat- 

Kadiaiit heat in traversing various media k not only 
Bndered nioro or less capable of being ti"arismitted a 
econd time, but, according to the experimeuts of Pro- 
Hessor Powell, it becomes more or less susceptible of 
eing absorbed in dilierent quantities by black or white 
iirfaces. 

M. M*dloni has proved that sobir heat contains rays 
rhich are atfected by ditferetit substances in the same 
ray as if the heat proceeded from a terrestrial source ; 
Iwhence he concludes that the dilTerence observed be- 
Ifweon tile ti-ansuiission of terrestriid and solar heat 
llirises from tke circumstances of solar heat coniaining all 
jikinds of caloric, while in other sonrces some of the kinds 
I Are wanting. 

Eadiant heat, from sources of any temperature what- 
[ever, is subject to the same laws of relieclion and re- 
ffiuction as rays of light. The index of refraction from 
\% prisfii of rock-salt deti!rmioed experimentally, is nearly 
f the same for light and l>eat. 

Liquids, the vanous kinds of glass, and probfibly all 
[substances, whether solid or liquid, that do not ciystal- 
i|ze regiihirly, are rnoro peivious to the calorific rays 
llccording as they possess ii greater refractive power* 
[For exam])Io, the cliloride of sulphur, which has a high 
[l^fnictivo powder, tmnsmits more of the calorific rays than 
Ith© oik, which have a less refractive power : oils ti'ans- 
f Itiit more radiant heat than the acitls ; tlie acids more 
[tbaa aqueous sokitions; and iho Itirter more than pure 
r water, which of all the series lias the least refractive 
power, and is the least pervious to heat. M« Melloni 
observed idso, that each my of ihe solar spectrum follows 
tlae same law of action with that of terrestrini rays hav- 
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He4t— Calorific Rays of ibe Solar Spertnim — Ejqjfirirneiits of MM. TJb 
Lani>tjhe aud Melloui on ihoTraaHmiaaion, oflldat — The Point of gmntest 
Uuat in lUa Solar Spectrum vtmtis with iLe !Siilj»tariCu of the Prisin^ 
Fotari 2:111 ion of Iltat— Circubr Polmrizuttiiin uC Heat — Tmnsmosion uf ttie 
Chernical Rays^Absurpltwn of Heat — RttJiatiLin nf Ifeat^Dew — ILtur 
FiTwt— Ruin— Hail — Combastion — Dilatatioo nf Bodies by Heat— Pnipft- 
I gatioa of Heat — Lateut Heat— Heal presumed to cousist of I ho IJodaLiir 
^ tiottaof an EI^Uc: Medium — Pamtherojic Rays— -Moscr^a Uiscavtjrie*. 

It is not by vision altitie that a Unowledge of the sun's 
raya is acquired, — touch proves that they havG the 
powtir of nibiDg iho leioperature of siibstaacea isxposed 
to their action. Sir William Herschel discovered Ihat 
raya of adoric which producij the sensation of hcsat, exist 
in tlie solar spectruiii iiidepeiideDtly of those of light; 
wheo ho nsod a prism of diiit-glaaa, he fouod the warm 
TTiyn most nbuiidaiit in tlio dark sjmce a little beyomd the 
red extremity of the spectrum — ^that from theuce they 
decrease toward tiiti violtit, beyoud which they are ia- 
sensible. It may therefore be concluded^ thut the cil- 
lorlfic rays vary in rofrangibility, and that those boyood 
tho exti-eme I'ed are loss refrangible than any rays of 
light. Since Sir William HeriSchcFs timo it has been 
discovered that the calorific spectrum t^xceeda the tumU 
nons one iu length in the ratio of 42 to 25, but tlie uiost 
siDgular |>boiJompnotJ of the caloriliG spectrum is its 
want of continuity. Sir Jolin tlerschol blackened the 
under aide of a sheet of vory thin white paper by the 
emoiio of a lamp, vmd litiving t-xposed the white side to 
the solar spectrum, he drew a bi-uish dipped in spirit of 
wkio over it, by which the paper assumed a black hue 
when sufficiently aaturated. The heat in the spectriun 
evaporated the spirit first on those parts of the paper 
where it fell with greatest intensity, thereby restoring 
their white color, arid thus ho discovered that the ca- 
loric is not distiibuted uniformly, but in apot^ of greater 
or less intonsity— 41 circumstance probabl^^ owing iti tho 
absorbing action of the atmosphores ot the sun and 
earth. ** The effect of the former^' says Sir John, ** ia 
beyond our contixd, unless we could carry our experi- 
motits to such a point of delicacy as to opo rat u separately 
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a. rays emaDatiDg from the center and borders of the 
an*s disc; that of the earth's, though it cannot be elim- 
oated any more than in the case of the sun's, may yet 
je varied to a considerable extent by experiments made 
at great elevations and under a vertical sun, and com- 
pared with others where the sun is more oblique, the 
situatTon lower, and the atmospheric pressure of a tem- 
porarily high amount. Should it be found that this 
cause is in reality concerned in the production of the 
qx>ts, we should see reason to believe that a large por- 
tion of solar heat never reaches the eaith's surface, and 
that what is incident on the summits of lofty mountains 
differs not only in quantity, but also in quality, from 
what the plains receive." 

Thus the solar spectrum is proved to consist of five 
superposed spectra, only three of which are visible — 
the red, yellow, and blue; each of the five varies in 
reirangibility and intensity throughout the whole ex- 
tent, the visible part being overlapped at one extremity 
by the chemical, and at the other by the calorific rays ; 
but the two latter exceed the visible part so much, that 
the linear dimensions of the three, the luminous, calo- 
rific, and photographic, are in the proportion of the 
numbers 25, 42, 10, and 55*10, so that the whole solar 
spectrum is more than twice as long as its visible pait. 

That the heat-producing rays exist independently of 
light, is a matter of constant experience in die abundant 
emission of them from boiling water. Yet there is 
every reason to believe that both the calorific and 
chemical rays are modifications of the same agent 
which produces the sensation of light. Rays of heat 
dart in diverging straight lines from flame, and from 
each point in the surfaces of hot bodies, in the same 
manner as diverging rays of light proceed from every 
point of the surfaces of such as are luminous. Accord^ 
ing to the experiments of Su- John Leslie, radiation 
proceeds not only from the surfaces of substances, but 
also from the particles at a minute depth below it. He 
found that the emission is most abundant in a direction 
perpendicular to the radiating surface, and thut it is 
more rapid from a rough than from a polished surface : 
rftdiatioo, however, can only take place in air and in 
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vacuo ^ it ia aJtogether imperceptible when the hot 
body is inclosed in a snlld or liquid, tlented sTibstaDoes, 
when exposed to the open Bir, continue to radiate 
caloric till they bpcotne nearly of the teinpenitnre df 
the 9un-oundincr medium. The radiiition m very rajnd 
at firstt but diminishes Qccording; to a known law with 
tho temperature of the hfiated body. It appears^ also, 
that the radiatinj^ power of a siirfnco h inversely as its 
reflecting power ; and bodies that are most imponiiea- 
ble to heat radiate least. 

Rays of heat^ wlieOier they proceed from llio sun, 
from tlame, or other terrestrial sources, luminous or 
nou-luminou.^1 are instantaneously trauamitted through 
solid and liquid substancus, there being no appreciable 
difl'eroiice in the time they take to pass through layers 
of nny nature or thickness whatever. They pass also 
with the same facility whether the media fee agitated 
or at rest; and in these reapecta the analogy betw^een 
light and heat is jjcrfect. Radiant heat passes through 
the gases with the same facility as light ; but a remark- 
ftblo dilTerence obtains in the transmission of light and 
heat through most solid aud liquid substances, the same 
body being often pcM-fectly pernifiable to the lumiuous 
and altogether impermeable to the calorific i-ays. For 
exaropl0T thin and perfectly tmns parent plates of alum 
and citric acid sensibly tj-anamit all the i-ays of light 
from an argaud lamp^ but stop eight or nine tenths of 
the concomitant heat ; while a large piece of brown 
rock crj^stal gives a free passage to the rndinnt heat, 
but intercepts almost all tliB light. M. Melloni has 
established the general law in unciystalized substances 
such as glass and liquidsT tliat tlio property of instanta- 
neously transmitting heat is in proportion to their re- 
fi*active powers. The law^ however, is entirely at fault 
in bodies of a ciystalino texture. Carbonate of lead, 
for instance, which is colorless, and possesses a very 
high refractive power with regiu^d to light, transmits 

L\em radiant heat than Iceland spar or rock-crystaU 
which are veiy inferior to it in the order of refran- 
gibility ; while rock-salt, which has the same transpa- 
reiK^y and refractive ix>wer with alum aud citric acid^ 
trausu/ita six or ei^ht UmetJ us much caloric. This 
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rumarkable diflferenco in the transinissive power of subj 
stances having tho same appearance, is attributed by Mi 
Moiloni to their crystaliao tbrm, and not to the cheniic* 
composition of their njoleculea, as the foJlowing ejcperii 
meut^ provii, A block of common salt cut into plates 
entirely excHides calorific radiatioQ ; yet when dissolved 
in water, it iucreases the tmns missive power of thai 
liquid : moreover, the tiiin?*missive power of water I 
increased in nearly the same degree, whether aalt m 
aliim be dissolved in it; yet tliese two fiukstanccM 
tranamit very diiferent quantities of heat in their soli^ 
state. Notwithstaudiog the inlluence of crystal izatioi 
on the tran emissive [Kjwer of bodies, no relation hai 
been traced between that power and the crystatine fbon 
The ti'ansniiasion of radiant heat is analogous to thai 
of ligln: through colored media. When common whit4 
light, consisting of blue, yellow, and red rays^ passoi 
through a red liquid, almost all rbct liino and yellow my^ 
and a few of the red, are intercepted by the first layei 
of the 111 J id ; fewer are intercepted by the second, stil 
less by the third, and soon i till at last the losses becoind 
ver^' smidl and invariable, and those rays alone arc 
transmitted which g^ivo tho red color to tlie liquid. Ii 
a similar manner, when plates of the samR thickness di 
any substance, such iis glass, are exposed to an argamj 
kiup, a consitlerable portion of tho radiant heat is ai^ 
rested by the lirrit plate, a less portion by th« seconit 
btill less by the third, imd so on, the quantity of loal 
heat decreasing Till at last tlio loss becomes a constaii( 
<jttautitj\ The tnuismission nf ra^liaiit heat through! 
olid mass follow?? the sumo law. The losses are veij 
considerable oa lii*st entering it, but they rapitHy dimiDH 
iah in ]>roportion aa the lu-at ptjuetrates deeper, and 
become constant at n. certain depth. Indeed, tho on^ 
ditference between tho transmission of radiant heal 
through a solid ma^s, or thiou^h tho same mass whel 
cut into plales of fupnd thickness, arises from the smiii 
quantity of html that is rcllecled at the surface of thi 
plates. " It is evident, thereforL^, that the heat grad 
ujdly lost is not intercepti^d at the sjirface, but absorber 
in rho interior of llio substance, and that heat whidi 
has passed through one stratum of air experiences a lei 
14 &% 
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absorption in each of th& succeeding strata, and may 
therefore bo propn^nted to a j!;reater distance before it: 
is extingiiih^bed. The experiments of M, de Larocho 
ahow^ that glass, iiowever thin, totally inlercepts the 
obscure rays of caloric when they How from a body 
whose f oinperEil uro is lower than that of boiling WRter ; 
that as the temperature inci-easesT the calorllic rays are 
txansmitttjd more nnd more abundaatly ; and when [he 
body becomes highly luminous, that they penetrate the 
glass with perfect ease. The extreme briUiancy of the 
sun is probjibly the reason why his lient, when brought to 
a focUi4 by a lens, is more intense than any that has been 
produced artificialJy, It is owing to tlio samo cause 
that glass screens, which entirely exclude the heat of a 
common fire, ar<? permeable by the solar CEtlonc. 

The results obtained by IVL de Laroclie have been 
confirmed by the recent experiments of M, Melloni on 
caloric radiated from sources of different temptiraturea, 
whence it appefirs that the caloriHc rwya pass less abua- 
damJy not only through glass, bat througli rock-crystal, 
Icelimd-spar, aad other diaphanous bodies, both aolid 
and liquid, Recording ns the teinpenitnre of their origin 
is diminished, and that they are altogetlier inlorcepLed 
wlien the temperature in about tljut of bt>iling water. 

In fact, lie has proved that the heat emanating from 
the sua or from a bright I lame consists of mys which 
didbr from ouch other as nnicli as the red, yellow, and 
blue raya do which constitute white light. TJjis ex- 
plains the reason of the loss of heat eis it penetrale« 
deejier and deeper into a solid mass, or in passing 
through a series of pktes ; lor, of the difterent kinds of 
rays which dart from a vivid Ibnne, all are successively 
extinguisheti by the absorbing nature of the substance 
through which tliey pass, till those homogeneous rays 
aione ronniin which have the greatest facility in passing 
through that particular substance; eTtaclly as in a red 
lit|uid the blue and yellow rays are extinguished, and 
the reil «ro trausmitted. 

M* iVlelloni employ^rd limr sources of caloric, two of 
which were lnniin(nii« and two obscure; namely, an oii- 
lamp withoat a glass, incandescent platina, copper 
heated to UDG^', and a copper vessel tilled with water at 
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le temperature of 178^° of Fahrenheit B4)ck-salt 
ransmitted heat in the proportion of 92 rays out of 
.00 from each of these sources; but all other sub- 
jtances pervious to radiant heat, whether solid or 
liquid, transmitted more caloric from sources of high 
temperature than from such as are low. For instance, 
limpid and colorless fluate of lime transmitted in tli« pro- 
portion of 78 rays out of 100 from, the lamp, 69 from 
the platina, 42 from the copper, and 33 from the hot 
water; while transparent i*ock-crystal transmitted 38 
TBjs in 100 from the lamp, 28 from the platina, 6 
from the copper, and 9 from the hot water. Pm*e ice 
transmitted only in the proportion of 6 rays in tbe 100 
from the lamp, and entirely excluded those from the 
other three sources. Out of 39 different substances, 
34 were pervious to the calorific rays from hot water, 
14 excluded those from the hot copper, and 4 did not 
transmit those from the platina. 

Thus it appears that heat proceeding from these four 
sources is* of different kinds : this difference in the na- 
ture of the calorific rays is also proved by another ex- 
periment, which will be more easily understood from 
the analogy of light. Ked light emanating from red 
glass, will pass in abundance through another piece of 
rod glass, but it will be absorbed by green glass : gieen 
rays will more readily pass through a green medium 
than through one of any other color. This holds with 
regard to all colors ; so in heat. Kays of caloric of the 
tame intensity, which have passed through different 
substances, are transmitted in different quantities by the 
same piece of alum, and are sometimes stopped alto- 
gether ; showing that rays which emanate from different 
substances possess different qualities. It appears that 
a bright flame furnishes rays of heat of all kinds, in the 
same manner as it gives light of all colors ; and as col- 
ored media transmit some colored rays and absorb the 
rest, so bodies transmit some rays of caloiic and ex- 
clude the others. Rock-salt alone resembles colorless 
transparent media in transmitting all kinds of caloric, 
e?en the heat of the hand, just as they transmit white 
light, consisting of rays of idl colors. 
Tho property of transmitting the calorific rays di- 
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niittire of ihB chemical, visible, (itmI calorific rays. They 
are all capiible of reflection from polished surfaces, of 
refraction tliroogh tliaf>hnnous substances, of polarizatioti 
by reflection and by doubly refracring crystaJs : none of 
these rays add sensibly to the weight of matter; their 
velocity is prodigious; they may be concentrated and 
dispersed by convt^x and coucsive mirrors; they pass 
witii equal facility through rock-suit, and are capable of 
radiaiiou ; the chemical rays nre subject; to the same 
law of intcrfortsnce with thowe of light ; and although 
the interference of the calorific raj-s has not yet been 
proved directly, the indirect evidence places it beyond a 
doubt. As the action of matter in so many cases is the 
same on the whole assemblage of rays, visible and 
invisible, "which couatilute a solar beam, it is more thnn 
probable thut the obscure as well as the luminous part ia 

» propagated by the undulations of an impondenible ether, 
and cousetjuently comes under the same laws of analysis. 
When radiant heat fails upon a surface, part of it: is 
reflected and part of it is absorbed ; consequently the 
beat reflectors }w>ssess the least absorbing powers. The 
temperature of very transparent fluids is not raised by 
the passage of the sun's rays, because they do not 
Absorb any of them : and as his heat is veiy intense, 
transpurent solids arrest a very small portion of it, 
The absorption of the 3un*s rays 13 the cause both of 
the color and temperature of solid bodies. A black 
substance absorbs all the rays of light and reflects notie; 
and since it absorbs at the same time all the calorilic 
rays, it becomes sooner wann, and rises to a higher 
temperature than bodies of nny other color. Blue 
bodies come next to bliick in their power of absorption. 
Of all tlie colors of the solar apeftmm» the blue pos- 
sesaes least of the heating power ; and since substances 
of a blue tint absorb all the other colors of the spectmm, 
they absorb by far tiie grefltest pait of the caloritic rays, 
and reflect the blue where they are least abundant. 
Next in order come the green, yellti^v, ri*d, ant! last of 
nil, white bodies, wliich reflect nearly all tlie rnys both 
of light and heat. However, there ure certiiin limpid 
and coloi4ess media, which in some CRSPi intercept 
I eahrific nidiutlom and becott^e howled^ nw\\\V© m ^ 
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they transmit them and undergo no change of 
pmperature. 

All substances may be considered to radiate caloric 

irlmtever their teiiipeiaturo may be, though with dif- 

erent intonsitips, accord iujt^ to their nature, tho state of 

boir surfiic*?5, and tbp; tt'mperaturo of the medium into 

thick they arc brought. But evoiy surfaco absorljs as 

dU as radiates caloric; and the power of absorption 

I al'ways equid to tliat of radtatjoo - for under the same 

cumstances, matter which becomes aooii wTirm also 

PitU rapidly. Therti is a constant tootloncy to an 

qual diflnsioD of caloric, since eveij body iu nature ia 

living and rt^ceiving it at th*^ same instant : each will bo 

' uniform tempei*ature when the quantities of caloric 

^ven and received dnring the same time fu-o equal,^ 

bat is, when a perfect compensation takes place be- 

?een each and all the rest. Om* sensations only 

[leasurc comparative degrees of beat : when a body, 

uch as ice, appears to be cold, it impartsi fewer calorific 

ays than it receives ; and when a substance seems to 

he warm, — for example, a fire, — it gives more caloric 

lian it takes. The phenomena of dew and honr-frost 

re owing to this inetpiality of exchange ; the caloric 

dioted during the nigbt by stibstances on tlie surtaee 

of the eartli into a clenr expanse of sky is loi^t, and no 

etuni is made irom the blue vault, so that tlieir tern- 

Drature sinks below that of the air, whence they 

bsn-act a part of that calorie wliich holds tlie atmos- 

heric humidity in solution, and a deposition of dow 

kes place. If the radiation be great, the dew is 

tozen and becomes iioar-frost, which is the ice of dew. 

>loudy weather is nnfavorjible to the formation of dew, 

preventing the free mdiation of caloric ; and actual 

Diitact is requisite for its deposition, since it is never 

■uspeuded io the air like fog. Plants derive a great 

; of tlieir noariahment from this source ; and as each 

possesses a power of mdi.ition peculiar to itself, they 

are capable of procuring a sufficient supply for their 

wants. The action of the chemical rays imimrta to all 

iubstances more or less the ^Kiwer of condensing va|Kir 

m tlM>so parts on which they fall, and nmst therefore 

tiiave a considerable inlluence on the deposition of dew. 
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Earn is ibi-med by the mixing of two masses of air o^' 
different iempeiatures ; the coldor pwt, by nhstmctrng^ 
from the otiier the heat which holds it io solutiou, occa- 
fiioQs the partjclef^ to approFicH e^ich ctther and tbrm 
drops of Wfit«r, which, becoraiog too heavy to he sus- 
tained by the atmosphere, sink to the earth by gravita- 
tion in tbe form of rain. The contact of two strata of 
air of ditforent temperatures, moving mpidly in op|>osite 
directioiiis, occasions tin abmidaut precipitation of raid. 
When the masses of air difler very much in temficra- 
ture, and meet suddenly* hail is tbrmed. This happens 
frequently m hot plains near a ridge of mountains, m in 
the south of t Vance ; but no expki nation lias hithorta 
been p^iven of rh© cause of the severe hail-stftrnis which 
occastouBlly lake place on extensive plains within tha 
tropics. 

An Hccumulation of caloric invariHbly produces light : 
with the exception of the gases, all bodies which vMi 
endure tho requisite degree of beat without deconifK>- 
sition begin to emit light at the samo temperature ; but 
when the quantity of caloric is so great ns in render the 
alTmity of their component particles less thnn their 
alhnity for the oxygen of the atmosphere, a chemical 
combination takes place with the oxygen, light and lieat 
»ire evolvetK nnd tire is produced, CombustioD— so 
ei^Hentiiii for oar comfort, and even existe'Uce — takes 
place very easily flora the small aflinity between the 
component liarts of atmosiiheric air, the oxygen being 
nearly in ii free state ; but as the cohesive forco of the 
particles of diflbrent substances is VGry vnriable, ditTer- 
ent degrees of heat are requisite to produce their com- 
bustion. Tbe tendency of heat to a state of equnl 
dirinsion or equilibrinm, either by radiation or contact» 
makes it necessnry that the chemical combination whicli 
occasions combustion shoultl take ]dace instantaneously j 
for if tlie heat were developed progressively, it would 
be dissipated by degrees, atid would never Bccunmlate 
sufficiently to produce a temperature high enough for 
the evolution of llame. 

It is a general liiw thnt all bodies expand by heat and 
contract by cold. The expansive force of caloric has n 
constaul t^^iiilency lo overcome the mtlraction of cohes ioa. 
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BJid to soparate the constituent particles of stilidsjind 
fluids ; by this sepanitiou the aftrBction of ag^-egation is 
iiior« iiud more weakened, till jit last it is entirely over* 
conie^ or even changed into repidsion* By the continual 
addition of crdoric, solids may be made to ptisis into liquids, 

I id IVom liquids to tlie aeriform state, tlip dilatation in- 
reasing with tho tomperature ; and eveiy substance ex- 
indi* according to a law of its own. Gases expand nu)ro 
iiin liquids^ and liquids more than solids. The expan- 
on of air is nioro than eif^ht tiiURS that of water^ and the 
increase tn the bulk of water is at least forty-five times 
greater than that tvf iron. Metals dilate uniforndy from 
"bo freezing to the boding points of the thermometer; 
he uniform expansion of the gases extends between still 
der limits; hut tis liquidity ia a state of transition from 
bo solid to the aeriform condition, the equable dilat-filion 
T liquids has not so extensive a range. Tliis change of 
alk, corrcajjonding to the variation of heat, is one of the 
post imjMjrtantof its effects, since it furnishes the means 
" lueasui-ing relative temperature by the thermometer 
pd pyrometer. The rate of expansion of solids varies 
; their tninsition to liquidity, and that of hqnidity ia no 
pnger equable near their change to an atiriforni state. 
There are excepliuns liowever to the generiil laws of 
itpansion \ some liquids have a maxinmni density corres- 
onding to » certain temperature, and dilate whether that 
emperature be increased or diminished. For example 
-water expands whether it be heated above or cooled 
ilow 40^. Tho sobdilicatioii of some liquids, and es- 
ecinllj their cryataliziition, is always accompanied by an 
pcreiLse of bulk. Water dilates rapidly when converted 
tito ice, and witJi a force sufficient to sjilit the hardest 
abstances. The tormation of ice is therefore a pow- 
cful agent in tho disintegmtion and decomposition of 
rpcks» operating ns one of the most efficient causes of 
cal changes in the structure of the crust of the earth; 
' which we have experience in the tremendous ihoule- 
iinLs of mountiiins in SwitKerlaiid. 
The dilatation of substances by heat» and their con- 
traction by cold, occHsion such irregiilarities in the rate 
' s>f cb>cks and wiitches as would render them nrdit for 
stionomicaJ or nautical ^>urpo3ea, were it not for a very 
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beautiful applicatJoD of the laws of iiii#jqnal expansion. 
Thff oscilJaiions of a pendulum are the same as if its 
whole mass were united in one dense paiticlo, m a cer- 
tain point of its lengthy called the center of oscillation. 
If the distance of thia point from the point hy wliich the 
pendulura is suspended were invariabfe* the rate of the 
clock would be invariable also. The dilltcufty is to neti- 
traFize the effects of temperature, which is perpetually 
increasing or diminishing its length. Among many con- 
trivances, U rah a m*a compeasatiou pendulum is the most 
simple. He eniptoyod a glass tube containing mercury. 
When the tube expands from the effects of hcati the 
mercuiy expands much more ; m that its surface rises 
a little more than the end of the pendulum m de pressed, 
and the center of osciilatiou remains stationary. Har- 
rison invented a pendulum which consists of seven burs 
of steel and of bra^a, joined in the shape of a gridironi 
in such a manner that if by change of temjjerature tlie 
bars of brass raise Ihe weight at the end of tlie penda- 
lum, the bars of steel depress it as much- In generalt 
only five bars are used ; three being of steel and two a 
mixture of silver and zinc. The effects of temperature 
are neutralized in chronnmPters upon the same princi- 
ple ; and to such porfectjon aro they brought, that the 
loss or gain of one second in twenty-four bours for two 
days running would render one unfit for use. Accuracy 
in survoyiiig depends upon tlie compensation rods em- 
ployed in measuring bases. Thus, the laws of the une- 
qual expansion of matter judiciously afjplied have an 
iimnediate influence upon our estimation of time: of 
the motions of bodies in the heavens, and of their fiUl 
upon the eaith ; on our determination of the figure of 
the globe, and on om' system of weights and meFisures ', 
on our commerce abroad, and the nieiiHuration of our 
lands at home. 

Tlie expansion of the crystoline substances takes place 
under very dilferent circumstances from the dilatation 
of such as are not crystalized. The Intter become both 
longer and thicker by an ncessioii of lu^jit, whoreiLS M. 
Mit^cherlich has iVmnd that the fornn^r expand differ- 
ently in dilferent directions ; anrl in a partirnhir instance, 
extension in one direction is accovu^Jiivued liy coutrftctiou 
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^^anothcr. The internal stnictttre of crjstafiKed wax- 
tor nmst be very peculiar, thus to modify the exfMBHve 
jwjwer of heat, itnd so materially to influence the trmrn^ 
uiisBioD of caloric and the fisible rays of the spectmni. 

Heat is propagated with more or less rapidity thnni^ 
alt bodies ; air is the worst conductor, and eonaeqneiitly 
mitigates the severity of cold climates by preeerrtng the 1 
heat imparted to the eartii by the smi. On tlie coo- 
traiy , dense bodies, especially metak, poesess die power 
of conduction in the greatest degree* but the tnuMini** 
sion re<fuirei} time. If a bar of iron twenty inches lon^ \ 
be heated at one extremity, the caloric takes four nnn^ j 
utes in passing to the other. The particle of the metal ] 
that is first heated communicates its caloric to the »ec- ] 
ond, and the second to the third ; so that the tem pe r ature \ 
of the intermediate molecule at any instant is^increaaed ' 
^■fe- the excess of the temperature of the ftret abore it9 
^pm, and diminished by the excess of its own tempeim- 
turo above that of the third. That howeTer will net 
be tiie temperature indicated by the thermometer, be- 
cause as soon as the particle is more heated than tba 
surrounding atmosphere, it loses its caloric by Tsdlatioii* J 
^^1^ proportion to the excess of its actual temperBtiir9l 
^Kovo that of the air. The velocity of the discharge 'ml 
^^fo-ectly proportional to the temperature, and invenwfjf j 
as the length of the bar. As there are perpetual ram* J 
tions iu the temperature of all terrestrial subetmieee mnd^ 
of tlie atmosphere, from the rotation of the earthy and J 
It s revolution round the sun, from combustion, fiictioii^l 
^Barmen tation, elBctricity, and an infinity of other caiiiea«'i 
^Hbe tendency to restore the equability of temperature J 
^H|^ the tratisinission of caloric must maintain all the I 
^^Eirticles of matter in a state of perpetual odciUatioti^ J 
^Kdsich will be more or less rapid according to the coii*J 
^^■Dcting powers of the substances. From the rootioD «€i 
^Hhe heavenly bodies about the'ur axes, and also round tliM 
^^■nn, exposing them to perpetual changes of tempuialUTM 
^H| may be in ferried thnt similar causes will prodnce IQclfl 
^^Mects in them too. The revolutions of the double <'t>l>| 
^Khow that they sre not at rest ; and tbouj^h we are uA 
^^ttaJly ignorant of the changes that may be going on in tb^ 
^■■i^bulH; and mi]iioj}5 of othor rei)3oie bodVe^^ '\t\»Naaa^n 
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fjoesiblo that thej should ba in flbsoliito reposa; sa that, 
8s far as our knowledge exCeDds, motion seems to b« a 
law of matter. 

Ht^at applied to the surface of a fluid is propagatad 
downward very slowty, the wanner and canseqiienlJy 
lighter strata always remaiiiiag at the top. This is the 
reason why die water at tti© bottom of lakes fed from 
alpiue chaiDi^ is so cold ; ^ the heat of the sun is ti-ans- 
fused but a little way below the surface. WKen heat 
is applied kiaiow a liquid , the particles coutinually ma 
us tliey become specifically lifter in conscKjUence of 
tha caloric^ and dilhise it through the tuass^ their placje 
being perpetually auppliad by thosa that are more dense. 
The power of conducting heat varies materially in dif- 
ferent liquids. Mercury conducts twice as fast as an 
equal bulk^of water, which is the reason why it appears 
to be so cold. A hot body diffuses its caloric in the ah* 
by a double process. The air in coateict with it being 
heated and beconutig lighter, ascends and scatters its 
calorict while at the same time another portion is dis* 
charged in straight lines by the radiating powers of tha 
surface. Hence a aubst-aoce cools more rapidly in air 
than in vacuo, because in the latfcer case the prooess is 
carried on by radiation alone. It is probable that the 
earth, having originally been of very high temperature, 
has become cooler by radiation only. The ethereal 
medium must be too rare to carry off much caloric. 

Besides the degree of heat indicated by the thermom- 
eter, caloric pervades bodies in an imperceptible or latent 
state ; and their capacity for heat is so various, that very 
different quantities of caloric are required to raise differ- 
ent substances to the same sensible temperature ; it is 
therefore evident that much of the caloric is absorbed, 
or becomes latent and insensible to the thermometer. 
The portion of caloric requisite to raise a body to a given 
temperature is its specific heat ; but latent heat is that 
portion of caloric which is employed in changing tbe state 
of bodies from solid to liquid, and from liquid to vapor. 
When a solid is converted into a liquid, a greater quan- 
tity of caloric enters into it than can be detected by the 
thermometer ; this accession of caloric does not make 
the body warmer, though it converts it into a liquid, and 
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I tlio priDctpcii cause of its fluidiCj* lee mmmns at the 
temperature of 32" of Fiilirtniheit till it has coiiihined 
with or nbaorbed 140^ of caloric, and then it niolt5» but 
without raising the teinperature of tho water abovo 32° ; 
thiit water is a com pound of ice and caloric. On 
te contrary, wheu a litjuid is coavertod into a solid, a 
uantify of caloric leaves it witfiout any diminution of 
praperatare. Water at the temperaturo of 32^ must 
with 140'^ of caloric botbro it freezes* The slow- 
ens With which watt^r freezoi*, or ice thaws, is a con- 
pqiience of the time rei|uired to p^ive out or absorb 140"^ 
^ latent huat. A considerable degi'ee of cold i§ often felt 
a ring a thaw, because tho ice, in its transitioa from a 
olid to a liquid stato, absorbs t*ensible heat from tho atmos- 
phere and other bodies and by rendering it latent main- 
Bios them at the temperature of 32° white melting, Ac- 
erdiug to the same principle, vnpor is a combination of 
oric with a liquid. By the continued application of 
beatnr liquids are converted into vajwr or steam, which 
is invisible and elimtic like common air- Under the 
ordinary pressure of the atmosphere, that is, when the 
bai'ometer stands at 30 inches^ water acquires a constant 
cces^ioa of heat till its teiuperatiu*© rises to 212"' of 
Tahrenheit ; niter that it ceases to show any jncreaae. 
1 heat J but wheu it has absorbed an additional iOOO" of 
tloric it is converted into steam. Consequently, about 
lOOO^ of lat^jut heat exists in steam without raising its 
Brnperatiire, nnd steam at 212"' must paitwith ihe same 
uautily of latent caloric when condensed into vi'a.ter. 
7ater bods at difibrent temperatiu-es under diil'erent 
legrees of pressure. It boils fit a lower temperature 
'on the top of a mountain than in the plain below, 
because the weight of the atmosphere is less at tlio 
higlier station. There is no limit to the tempc^rntnre 
to which water might he raised ; it might even bo mnde 
red-hot, could a vessel be found sti-ong enough to resist 
tho pressure. The expansive force of steam is in pro- 
ponton to the temperature at whieh tho water boils ; it 
may therefore be iiicn^ased to a degi-ee that is only lim- 
,ited by our iiaibility to restrain it, and is the greatest 
ower that lut*^ benn made subservient to the wants of 
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It h foxiod thftt tlie absolute fptantity of heat consumed 
m the process of converting water into steam is the same 
at whatever temperature water may boil^ but that the 
latent heat of steam is always jE^eater exattly iu the same 
proportioD as its senaible heat is less. Steam raised Ht 
21i2^ iiiidBr the ordinarj* pressure of the atmosphere, 
and steam raised at 180'^ under half that pressure, pon- 
taki the same quantity of heat, w^ith tliij* ditTerence, that 
the one has more Intent heat and less sensible heat than 
the other. It is evident that the same qnautity of he lit 
is requisite for converting a given weight of water into 
steam» at whatever temperature or under whatever 
pressure the water may be boiled ; and therefore in the 
steam engine, equal weights of steam at a high pressure 
and a low pressure are produced by the same quantity 
of fuel ; and whatever the pressure of the steaiu mny 
be» the consumption of fuel is propoiiional to the quan- 
tity of water converted into vapor. Steam at a high 
pressure expands as soon as it comes into the air, by 
which some of its sensible heat becomes latent ; and as 
it naturally has less sensible hofit than steam raised nnder 
low pressure^ its actual teinpemture is reduced so much 
that the band may bo plunged into it with nut injury the 
instant it issues from the oritice of a boiler. 

The elasticity or tension of steam, like that of common 
air, varies inversely as its volume ; that is, when the 
space it occupies is doubled, its elastic force is i-educed 
one-half. The expansion of steam is indefinite ; the 
i*malleat quantity of water when reduced to the form of 
vaipor, "Will occujiy many millions of cubic feet ; a w^onder- 
fill illustration of the minuteness of the ultimate pani- 
cles of matter I The latent heat idiaorbed in the forma- 
tion of steam ia given out again by its condensation. 

Steam is formed throughout the whole mass of a 
boiling liquid, whereas evaporation takes place only at 
the free surfaces of liquids, and tliat under the ordinary 
tem[)Bratnre and pressure of the atmosphere. There 
is a constant evaporation from the land and water all 
over ibe earth. The nipitlity of its fermation does not 
altogether detjend upon the dryness of the air ; acconling 
to IJr. Daltoifs experiments, it ttejiends also on the dif- 
ihiWice JLie^een the tension of Llie va^wr which is form* 
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iog ant] that which is already in tho Rtniosphere, In 
■ eaim wenfher, vnpor accu mil latent in the sirntum of air 
iniediiiteiy above tho evaf)orating surt'iiee, nnd retards 
Le forumtion of more ; whereas a strong wind aecele- 
fttGs the process, by carrying olf thci vapor as soon 
rises, and making way for a succeeding portion 
ry air- 

The latent hoat of air and all elastic fluids may be 
brcod out by sudden compression, hke squeezing water 
put of spoDge. The (juautity of heat brought into action 
tills way is very well illu-stratad in the experiment of 
uniting a piece of timber by the sudden compression of 
hir by a piaton thrust into a cyliTider closed itt one end : 
"he dovelopment of heat on a stupendous scale is exhib- 
ited in lightning, probably produced in part by the violent 
DmpreHHion of the atmosphere during the passage of 
he electi'ic fluid. Pr(x!igiou.s Cjuantitie.s of lieat are 
onstantly becoming lateut, or are diseDgagod by the 
hauges of condition to which substances are liable in 
aing from the solid to tlio liquid, and from the litjuid 
► the gaseous form, or the contrary, occasioning endless 
ricissitudes of temperature over the globe, 

Ther<^ iwe many other sources of heiit, such as com- 
ustion, friction, and percussion, all of which are only 
oeans of calling a fwwer into evidence which aheady 
sists. 

The application of heat to the various brandies of the 
nechanical and chemical arts has, within a few years, 
fleeted a greater change in the condition of man than 
ad been accomplished in any equal [leriod of his exist- 
ence. Armed by the ex|)auHion and condensation of 
juids with a power equal to that of the lightning itself, 
Dnquering time and sfwice, he flies over plains, and trav- 
■ i on paths cut by human industry even through raoun- 
tins, with a velocity and sniootlinoas more like plant.*tary 
ban terrestrial motion ; he crosses the deep in opposi- 
Du to wind and tide ; by releasing the strain on the 
ible, he rides at anchor fearless of tlie storm ; he makes 
hie elements of air and water the caiTiers of warmtli, 
ot only to banish wiuter from his home, but to adorn it 
' even during the snow-storm with tbo blossoms of spring; 
and, like a magician, he raises, from the gloom v and 
U 
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deep whym of tbe nune, tbe spint of fi^ik Id dufwl the 

It has been obaarved that heat, like light and sonod, 
probably consists in the unduiadoDs of tm elastic mediom. 
AH the principal phenonieDa of heat may actuaily be 
iiiuatrated by a comparisoQ with thoae of somid. The 
excitation of heat and sound are not only Similar bat 
often identical, as in Action and perciwaion ; they are 
both communicated by contact and radiation ; and Dr. 
Young observes, that the etfect of radiant heai in raising 
the temperature of a body upon which it Mb, resembles 
the sympathetic agitation of » string when the sound of 
another string which is in unison with it is transmitted 
through the air. Light, heat, sound, and the wares of 
floida, are all subject to the same laws of reflection, and 
indeed their undulatory theories are perfectly similar. 
If, therefore, we may judge from analogy, the undula- 
tionij of some of the heat-producing rays must be less 
frequent than those of tlie extreme red of the solar spee^ 
trum \ but the awilogy is now perfect, since the inter- 
ference of heat is no longer a matter of doubt : hence 
the interfi^reijco of two hot rays must produce cold ; 
darkness results from the interference of two undula- 
tions of light ; silence ensues fnjm the interference of 
two undoljitioni* of sound ; and still water, or no tide, is 
the consetjuonce of the interference of two tides. The 
propagation of sound * however, requirea a much denser 
raediura thtm that either of light or heat ; its iutensily 
diniiiViijhes as the rarity of the air increases; so that, at 
It vei-^^ sniaU height above the surfnco of the earth, the 
noise of the tenipest ceases, and the thunder is heard 
no more in those boundloss regions where tho heavenly 
bodies iiccorajjliBh their periods in eternal and sublime 
silence, 

A consciousness of the fallacy of our senses is one of 
the most important consequences of the study of naturep 
^Vh'm study teaches us that no object is seen by us in its 
true place, owing to aberration ; that the colors of sub- 
stjiijces are solely the elfocts of tlie action of matter upon 
light; and that light itself, as well as heat and sound, are 
not rrnl hning.s, but more modes of action communicated 
to our p(MTeptions by the noises. The hunum frame 
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rooy therefore b& regarded as an elastic system^ th© dif- 

DereDt porta of which are capable of receiving the tremors 

f elastic media^ and of vibmting in unison vrith any niim- 

er of superposed undulations^ all of which have their 

erfect and independent elTect. Here our knowledge 

bnda ; the mysterious influence of matter on mind will 

■in all probability bo forever hid from man, 

A series of experiuients by Sir John Herschel has 
[disclosed a new set of obscure raya in the solar spec- 
[trnmi which Boem to bosir the same relation to those of 
I teat tliat the photographic or chemical rays bear to the 
I hiininous. They are situate in tluit part of the s[>ec- 
[trum which is occupied by the less reftTingible visible 
olorSf and have been named by their distioverer Parather- 
Imic rays. It must be held m remembrance that the 
begion of greatest heat io the solai- spectrum lies in the 
■dark sjKice beyond the visible red. Now Sir John Her- 
chel found that in experiments with a solution of gum 
uamcum m soda, which gives the paper a green color, 
he green, yelbw, orange, and red rays of the spectrum 
□variably dtsclmrgod the color^ whUe no ellect was pro- 
Iduced by the extra-spectral rwys of caloric, which ought 
t liave had the greatest effect, had heat been the cause 
■f the phenomenon. When an aqueous solution of 
Ichloiine was poured over a slip of paper prepared with 
••um guaiacum di.s solved in soda, a color varying from a 
■Seep somewhat gi-eeniah hue to a lino celestial blue was 
Ig^ven to it ; and when the solar spectrum was thrown 
Ion tlie paper while moist, the color was discharged from 
Jl the space under the less refrangible luminous rays, 
lut the same time that the more distant theiTnic rays 
pfeeyond tho spectrum evaporated the moisture from the 
"space on which they tell : so that the heat spots became 
apparent. But the spots dii^appeared tis the paper 

i dried, leaving the eui-face unchanged ; while the photo- 
eraphic impression within the visible spectrum increased 
to intensity, the non-lnminous thermic rays, though 
avidently active as to heat, were yet incapable of effect- 
ing that peculiar cliemical change whicli other mys of 
much less heating power were all the time producing. 
Sir John having ascertained that an artilicial heat from 
180^ to 280° of Fahrenheit chaDged the green tint of 




p 



232 EXPEEIMENTS ON LIGHT AND DEAT. Sect. XXV- 

giitn gtiaiacum to its origiiial yelJow hue when moist, 
but that it had no such olTect when dry, he therefore 
tried whether heat iVom a hot iron applied to the back 
of the paper used in the last-men tioiied experiment 
while uiidnr tho influence of the solar spectrum iDigbt 
not assist the action of the colorific ray a ; but instead of 
doin^so^ it j^reatly accelerated the discoloration over tlie 
spaces occupied by the less refrangible rays, but had no 
effect on the extm- spectral region of maximum heat. 
Obsciire terrestrial heat therefore ts capable of assisting 
and being assisted in etfectm^ this peculiar chanj^^e by 
those rays of the spectium, whether luminous or ther- 
mic, which occupy its red, yellow» and groon regions, 
while on the other hand it receives no snch assistance 
fi"om the purely thermic rays beyond the spectrum 
acting nndor similar circumstances and in an equal state 
of condensation. 

The conclusions drawn from these experiments are 
confirmed by that which follows : a photographic picture 
formed on paper preimred with a mixture of the solu- 
tions of ammonia-citrate of iron and ferro-sesqnicyaniie 
of potash in equal parts, then thrown into water and 
afterward dried, will be blue and negative, thai is to 
say» the lights and shadows will be the reverse of what 
they are in nature. If in thia state the paper be washed 
with a solution ^ proto-nitrate of mercury, the picture 
will be discharlfed : but if it be weh washed and dried 
and a hot smoothing iron passed over it, the picture in- 
stantly reappeni-s, not blue^ but brown: if kept sorae 
weeks in this state in perfect darkness between the 
leaves of a portfolio, it fades and almost entirely vanishes^ 
but a fresh application of heat restores it to its fuil origi* 
nal intensity. This curious change Ls not the eflTect of 
light, at least not of light alone, A certain temperature 
must be ott*iined, and that suffices in total darkness ; yet 
on exposing to a very concentrated specti'um a ahp of the 
paper used in the last experiment, after the uniform 
blue color has been discharged and a white ground left, 
this whitoness is changed to browu over the whole re- 
gion of tlie red and orange rays, hut not htymid the 
luminous spectrum. 

Sir John thence concludes — lat. That it i« the heat 
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of the.se rnys, not their light, wliich operates the 
change ; 2dly, Thiit this hetat posisenses ii peculiar 
chemicfJ quality wliich is not possessed by the purely 
calorific rayri oufcside of the visible specti'um, tliou^h far 
♦ more in ten Be; and, 3illy. That tho heat radiated from 
obscurely hot iron, abounds especially in rays aiialogoua 
to those ttf the region of the spectrum above indirated. 

Another iustEince of these siogular tTansformntioiis 
may be noticed. The pictures fornied on cyanotype 
paper, rendered more sensitive by the addition of cor- 
rosive suWimate, are blue on a wliite ground and posi- 
tive, that is, the lights and shadows are the same as in 
nature, but by the application of heat, the color is 
changed from blue to brawn, from positive to negative ; 
even by keeping la darkness tlie bine color is restored, 
"Ua well as the iJosifive character. Sir John attrit^utes 
this as in the former iuBtauce to certain rays, which re- 
garded as rays* of heat or light, or of some infiuence sui 
generis Rccnmpanying the red and orange mj-a of the 
spectrum, are also copiously emitted by bodiei? heated 
short of redness. He thinks it probable that these in- 
visible parathermic rays are the rays whicli radiato 
from molecale to mokcule in the interior of bodies, that 
they determine the discharge of vegetable colors at the 
boiling temperaSnre, and also the innumerable atomic 
transformutioiis of organic bodies which take place at 
the temjjerature below redness, that they are distinct 
from those of pure heat, and that they are sutlftciently 
identified by these characters to become legitimate ob- 
jects of scientific discussiom 

The calorific and pai-athermic rays appear to bo sa 
iutimatoly connected with the tiiscoveries of Messrs, 
Draper and Moser that the subject of solar radiatioo 
would bo impeii'ect were they omitted. The dis- 
covery of Daguerro shows that the action of Ught on 
the iodide of silver renders it capable of condensing the 
vapor of mercury which adheres to the partn affected 
hy it. Professor Mosor of Konrgsberg has proved that 
the same effect is produced bj the simple contact of 
bodies, and even by their very near jnxta-position, and 
that in total darkness as well as in light. This dis- 
covery he announced in the following words ; ** If a 
u2 
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sartkce hm been touched ixi any pnrtieulEir pai-ts by any 
body, it acquirea the props rty of precipitating all va- 
pors, aad these adhere to it or combine cheraicaHy with 
It on those spots diirereatly to what they do on tfi& nn- 
toucbod porta." If we write on a plate of glass or any 
smooth iurface whatever witli blotting paper, a bnish, 
or anything else» and then clean it, the characters al- 
ways reappear if the plivto or surface be breathed np<jn, 
and the same eJlect may be produced even on the sur- 
face of merctiry ; nor is absolute contact necessary. If 
a screen cut in a patteru be held over a polished me- 
tallic surface at a amall distance, aad the whole breathed 
on : after the vapor 1ms evaporated so that no trace is 
left oa the sui-face, the pattern cornea oaf; when it b 
breathed on again. 

Professor Moser proved that bodies exert a very de- 
cided Inlluenca upon each other, by placing coins, cut 
stones, pieces of horn, and other substances ^ a short 
time on a warm metallic plate ; when the substance 
was removed no impression appeai'ed oa the plate till it 
wa,f breathed upon or exposed to the vapor or mercury, 
and tUen these vapors adhered only to the parts where 
the substance had been placed, making distinct Images, 
which in some cases were y>prmftnent after the vapor 
was removed. Similar impressions were obtained on 
glass and other substances even when the bodies were 
not in contact, and the results were the same whether 
the experiments were performed in light or in darkness. 

Mr. Hunt has shown that many of these phenomena 
depend on difference of temperature, and that in order 
to obtain good impressions dissimilar metals must be 
used. For example, gold, silver, bronze, and copper 
coins were placed on a plate of copper too hot to be 
touched, and allowed to remain till the plate cooled ; 
all the coins had made an impression, the distinctness 
and intensity of which was in the order of the metals 
named. When the plate was exposed to the vapor of 
mercury the result was the same, but when the vapor 
was wiped off, the gold and silver coins only had left 
permanent images on the copper. These impressions 
are often minutely perfect whether the coins are in 
actual contact with the plate or i of an inch above it. 
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The masa of the met^ has a material influence od the 

{result; a large copper coin makes a better impression 

a copper pkle than a small silver coin. When coins 

if different metals are placed oa the same plate they 

iterfere with eacli other. 

When, instead of bemg heated, the copfjer plate 

ccKiled bj a freezing mixture, and bad conductors of 

leat laid upon it» as wood, paper, glass, dec, the result 

as similar, showing that the phenomena could be pro- 

uced by any disturbance of the caloric latent in the 

hstances. 

There can be no doubt that these phenomena are 

liversal, since all substances are more or less sensitive 

light, which must produce innumerable changes in 

tliB Dature of terrestrial things, especially in the vege- 

iWe tribe, by the power it gives of condensing vapor 

And conijoquently the deposition of dew. 

Ked and orange-colored media, smoked glass, and al! 
bodies that transmit or absorb the calorific rays freely, 
leave strong impressions on a plate of copper whether 
y be in contact or g of an inch above the plate. The 
ingest proof that heat is concerned in some at least 
i these phenomena ta evident. For instance, a solar 
pectrum concentnitod by a lens was thrown on a pol- 
ished plate of copper and kept on the same s|>ot by a 
^Jieliostat for tJne* two, or three hours ; when exposed 
to mercurial vapor a film of the vapor covered the plate 
where the dilliised light which ahvays accompanies the 
solar spectrum had Mien ; on the ol>scuro space occu* 
ied by the maximum heating power of Sir William 
ersciiol, and also the grtmt heat .spot in the thermic 
spectrum of Sir John Herschel, the condensation of the 
niercury was so thick that it stood out a distinct white 
s|iot on the plate, while over the whole space that had 
been under the visible spectrum tlie quantity of vapor 

»woa much less than that which covered the other parts, 
afibrdiug distinct evidence of a negative effect in the 
luminous spectrum, and of the power of the coJorilie 
rays, which is not always confined to the surface of the 
metal, since in many instances the iinpre.ssions are formed 
to a considerable depth below it, and conaequently are 
permanent. 
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Mr. Hunt observing that a black substauco leaves a 
•troDger iroprfsssion on a metallic surfiice than a white, 
Applied the property to the art of thermography, by 
which he copies prints, wood-cuts, writing, and printing, 
on copper ainalgamatotl on one surface and highly pol- 
ished, merely by placing the object to he copied 
smoothly on the metal and pressing iCinto close contact 
by a plate of glass : after some hours the plate is sub- 
jected to the vapor of mercury and afterward to that of 
iodine, when a black and accurate impression of tbe 
object comes out on a gniy ground. Etructs similar ta 
tho^e attributed lo heat may also be produced by elec- 
tricity : Mr» KarsteQr by placiog a glass plate upon owe 
of metal, and on the glass plate a medal subjected to 
discharges of electricitj', fomid a perfect image of tbe 
medal im; pressed on die glass, which could be brought 
into evidence by either merciuy or iodine ; and when 
several plales of glass were interposed between the 
medal and the metaliic plate, each plat« of glass re- 
ceived an image on its upper aurfece after the passage 
of electrical dischargos* These di^harges have tlie 
remarkable power qJl restoring impressions that have 
been long obliteratetl from plates by polishing ; a proof 
that the disturbances upon which these phenonieaa 
depend are not eonlined to the surface of the metals, 
but that a ^f^iy decided molecnlar change has taken 
place to a considerable depth. Mr. Hnnt's exiieriments 
prove that the electro-negative metals make tbe most 
decided hnages upon electi-o-negative plates, and vice 
versa. M- Matteucci has shown tliat a discharge of 
electricity does not visibly atfect a polished silver plate, 
but that it produces an alteration which renders it capa- 
ble of condensing vapor. 

M. Fizeau ascribes a numerous class of these phe- 
nomena to the action of a slight layer of organic or fatty 
matter on the surfaces, which, being volatile, is trans- 
ferred to any body near, in a greater or less (|nantity ac- 
cording to the distance \ that is, according ns the sur- 
face projects or sinks into hollows. When the different 
parts of a surface are unequally soiled by extraneous 
bodies, even in the minutest quantity, the condensation 
of mercurial viit>or is efl'eeted in n manner visibly dif- 



SiSiT. XXV. VARIOUS rilENOMENA KXFLAINCD, 

fcreot oil its difterent (mrt^, and therefor© images are 

Ijrmed. Although this explains Turiou?! phenomena, it 

ioes not apply to thoso alrisfidy described, aa Mr. lltitjt 

' ad taken the precaution to divest the substances ho 

ed of eveiy trace of or^inic matter. 

It is difficult to see to what cause Mr. Hunfs experi- 

Dentaon the reciprocal action of bodies in total darkness 

Bu be attiibuted, uoless perhaps to a constant radiation 

" some peculiar principle from their smfaces, which 

eaUy seems to exi^t, 

Tlie impression of an engraWng was made by laying 

lit face tlownwarda on a gilver plate iodized, and placing 

nn amalgamutod copper pinto upon it ; it was left in 

Sarknesi* fifteen houris, when an impression of the eii- 

ttving had been made on the amalgamated plate, 

hrough tJie paper. 

As the same may be obtained on plates of iron, zinc, 
br lead, It is evident that this result m not, the effect of 
fchemical rays. 

An iodized silver plate was placed in darkness with a 
oil of string laid on it, and with a polished silver plate 
speuded one eighth of an inch above it ; after four 
hours they were exposed to the vapors of mercury, 
?hich became unifonnly deposited on the iodized plate, 
but on the silver one there was a sharp image of the 
ring, so tliat this image was formed in the dark, and 
even without contact. Coins or other objects leave 
heir imjaessioos in the same manner with perfect 
Miarpness and accuracy, when brouRht out by vapor 
Without contact, in dttrkness^ and en simple metals. 
Heat, electi'icityt and the evaporation of unctuous 
natter, may account for some of these phenomena, but 
(thers clearly point at some unknown influence exerted 
etween the surfaces of solid bodies, and alTt^cting their 
nolecular stmcture so as to determine the precipitation 
■"of vnpoi-s, an influence which in all probability will ulti- 
mately be found to be either the parathermic rays of 
Sir John Herschel, or intimately connected with them* 
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Se^tioh XXVI. 

iiKWpliero of the Plnnets and the Moon— Conalitatian of the Sun — "E 
malicKn of the Sun'i Lifiht — His Inlloeuce on the djffbrent Flaciels— 
Teiu|>eir»ture of Space —Internal Meat of the Earth — Zone of Constant 
Trnnpcmtnre — Heat IncrtaseR with the Depth— Ili^at in Mines and 
Weliir— Thermal Sprinffs— Central Heat— Vulcanic Actmn— The Heat 
AhotB the :i£ono of Coaatant Temperatuie entirolir from the San — The 
Quantity of llpikt annually neceived from the Sun — ^Iso|reothcrmal X.ini>8 
— DiatnbutioQ of Heat on th«J Earth — Clitnatd— Lttte of Piirpctual Ccm- 
gelalion— Causes nWectivLg Climate— Isotbermnl Line« — ^Excewive Cli- 
mates — The s^amo l^ii&iitity of Heat annually received and nuiiBted by 
the Earth. 

The ocean of light and lieat perpetually flowing fipom 
the sun, must affect the bodies of the system very dilTer- 
etrtly, on account of the varietiea in their atmospherei, 
some of which appear to be very extensive and deii8«. 
According to the observations of Schr6eter» the atnios- 
phere of Ceres is more than 666 miles hi^jh, and tiiat of 
Palliu*i has an elevation of 465 miles. These must re- 
fract the light and prevent the radiation of heat like our 
own . B ut it is remarkable th at not a trace of atni osphere 
can bo perceived in Vesta. The action of the sud*$ rays 
must be very diflerent on such bodies frttni what it is 
qp the earth, and the heat imparted to them quickly 
lost by radiation ; yet it is impossible to estimate their 
temperature, since the cold may be counteracted by 
their central heat, if, qa there is reason to presume, rhey 
have orieiually been in a stato of fusion, possibly of 
vapor. The attTaction of the earth has probably «le- 
prived the moon of hers ; for the refractive power of 
tho ftir at the surface of the eartli is at \oiisi \i ihousand 
times as great as refnictiou at the surface of the moou. 
The lunar atmosphere, therefore, must be of a gx'eater 
degree of rai^ity than can be produced by our best air- 
pumps ; consequently no terrestrial animal could exist 
in it. This was confirmed by M. Arago's observations 
during the last great solar eclipse, when no trace of a 
lunar atmosphere was to be seen. 

Tbe sun has a very dense atmosphere, which is 
probably the cause of the peculiai" phenomonFi in his 
plioLogrniihic iinage already mentioned. Wlmt his body 
may be, it is impossible to conjee tui'o ; but ho seems to 
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be surrounded by a mottled oceBLn of flame, through 
which his dark nucleus appears like bimck spots often of 
eiioriiious size. These spoCa are almost always com- 
prised within a zone of the sun's surface, whose breadth, 
measured on aaolar meridian » does not extend beyond 30^^ 
on ench side of his equator, tliough they have been seen 
at tbe distance of 39i". From their exteosive and mpid 
fhangos, there )a every reason to suppose that the exte- 
' ir and incandescent pai-1; of the sun is go^ous. The 
>hir rays, probably arising from chomical processes that 
lontiuually take place at his surface, or from electricity^ 
e transinitt*fd through ^lace in all directions ; but not- 
withstanding the sun's magnitude^ and the inconceivable 
heat that nnist exist at his i^urfaee, as tlie intensity both 
of his light and lieat diminishes as the square of the dis- 
tance increaaes, hia kindly influence can hardly be felt 
at the boundaries of our system, or at all events it muat 
be bul feeble. 

The direct; light of the sun has been estimated to be 
equal to that of 5563 wax candles of moderate aizoi sup- 
posed to be placed at the distance of one foot from the 
object. That of the moon is probably only equal to the 
ligbt of one candle at the distance of twelve feet. Con- 
aequently the ligtitof tlie snn is more tliao three hundred 
tliousand times greater than that of the moon. Hence 
tbe light of the moon imparts no heat. Professor Forbes 
is convinced by recent experiments that tbe direct bght 
of the moon is incapable of raising a th or mo me tor one 
thrGe-huudred-thou«andth part of a centigi'ade degi'ee, 
at least in this climate. The intensity of the sun's hght 
diminishes from tlie contor to tbe circumference of th© 
solar disc. 

In Uranus, the sun must be seen like a smali but bril- 
liant star, not above the hundred and fiftieth part so 
bright as he appears to us^ but that is 2000 times brighter 
than our moon ; so that he is really a sun to Uranus, 
and may iroimrt some degree of warmth. But if we 
consider that water would not remain fluid in uny part 
of Mars, even at bis equator, and that in the tenipei'ate 
zones of the same planet even alcohol and quicksilver 
would freeze , wo umy foriu sumo idcn of the cold that 
must reign m Uiiuius. 
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The clinmte of Venus more nearly resembles that of 
the earth, though, excepting perhaps at her poles, much 
too hot for anitnal aod vegetable life as they exist her© ; 
hut in Mercury, the niean heat arising only from the 
iu tensity of the sun's rays must bo above that of boiling 
quicksilver, and water would boil even at his poles. 
Thus the planets, though kindred with the earth in mo- 
tion and Btnictiire, are totally unfit for the habitation of 
such ki being as dibix, unless, indeed^ their temperature 
should be modified by circumstances of which we are 
not aware, and which may increase or diminish the 
sensible heat so as to render them habitable. 

It is found by experience, that heat is dovelopod in 
opaque and translucent substances by their absorption of 
solar light, but that the sun's niys do not sensibly alter 
the temperature of perfectly transparent bodies through 
which they pass* As the teniperature of tlie pellucid 
pknotury spiino can bo but little affected by the passage 
of the sun's light and heat^ neither can it be sensibly 
riused by the heat now radiated from the earth ; conse- 
uuently its temperatui"^e must be invariable, at leaat 
throughout the extent of the solar system. The at- 
mosphere, on the contraiy, gi-adually increasing in den- 
sity toward the surface of the earth, becomes less pel- 
iocidr and therefore gradually increases in temperature, 
both from the direct action of the sun, and from the ra- 
diation of tho earth. Lambert had proved that the ca- 
pacity of the atmosphere for heat varies according to the 
same law witli its capacity for absorbing a ray of light 
passing through it from the zenith, whence M» Svanberg 
ibund that the temperature of siiace is 59" below the 
ztiro point of Fahrenheit's thermometer. From other 
researches, founded upon the rate and quantity of at- 
mospheric refraction, he obtaioed a result which only 
differs from tho preceding by half a degree. M. Fourier 
has arrived at nearly the same conclusion from the law 
of the radiation of the heat of the terrestrial spheroid, 
on tlio hypothesis of its having nearly attained its hoiit 
of temperature in cooling down from its supposed prim- 
itive statu of fusion. The dilfereuee in the result of 
tbeso thru© methods, totally indo|>endent of one another, 
€m}j umouDls to tho fraction of a decreet 
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The cofd endiu-ed by Sir Edward Parry one day in 
MelTiJJe Islafid wfis 55'= b«low zorn ; and that suffered 
Caj>tAin Back on the 17lh of January, 1^34, in G9® 
t6i' of north latitude, was no less than 70^ below tho 

xne point. However, M. Poiason attributes thia to 
lideutal circumstances, and by a recent computation, he" 
Fikes the temperature of space to be 8^ above the zero 
■ Fahrenheit. This h^ considers gjoatiy to exceed the 
miJeratitre of the exterior strata of the atmosphere, 
bich he conceivoj? to bo deprived of their elnaticily by 
tense cold, and he thus accounts for the decrease of 
mperature at great eJevatiouH, and for the timited ©x- 
nt of the atmosphere. 

Doubtless, the radiation of all the bodies in the uni- 
ferse maintains the ethereal medium at a higher Ism- 
rature than it would otherwise have, and must event- 
Uy increase it, bul by a quantity so evanescent that it 
hardly possible to conceive a time Avhen a change will 
tcjome perceptible. 

The temperature of space being so low, it becomes a 
latter of no small interest to ascertain whether the earth 
lay not he idtiraately reduced by radiation to the tem- 
rature of the surrounding medium ; what the sonrces 
heat are; and whether they be suflicientto compen- 
ite the loss, and to maintain the earth in a state tit for 
te support of animal and vegetJible hfe in time to come. 
11 observations that have been made under the surface 
the ^TOund concur in proving that there is a stratunti 
tlie depth of fmm 40 to 100 feet throughout the whole' 
* earth, where the temperature is invariable at all timea 
and seasons, and which differs but little from the mean 
annual temperature of the country above. According to 
M. Boussingault, indeed, that stratum at the equator la 
at the depth of little more than a foot in places sheltered 
from the direct rays of the sun ; but in our cUmates it 
is at a much greater depth. In the course of more than 
half a century, the temperature of the earth at the 
depth of 90 feet in the caves of the Observatory at Paris 
has never been abovo or below 53*^ of Fahrenheit's ther- 
mometer, which is only 2'' above tlie mean annual tem- 
perature at Paris. This zone, unaffected by the sun'a 
rays IVom above, or by the intemal heat fironi l>elow, 
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HEAT IN MINES AND WELLS, 

^^fi" or 6"^, aDfJ that if the heat could he fi(:tribiit0tl to thia 
^Kause, the seasoos woiiW seosilitj affect the tenipemture 
^^pf mines, which it appears they do not where the dejjtk 
^Hi gi'eat. Besides-, the Cornish mines are gcnei'alljr 
^^rentilated by numerous shafts opening into the galleries 
fi-om the suiface or from a higher level. The air circu- 
lates fteely m these, deacending in some shafts and aa- 
ending in othei-s. In all coses, Mr, Fox found thnt the 
irard oiin-ents are of a higher temperature than the 
escendino; currents ; so much so^ that in winter the 
oisliirc* is often frozen in the latter to a consider^ibie 
Bpth ; the circulation of air, therefore, tenda to cool 
be mine instead of increasing tho heat^ Mr. Fox hwa 
^so rptnovod the objections arising from the compara- 
tively low temperature of the water in the shafts of 
abandoned rainesT by showing that obsorvationg in them, 
' Dm a variety of circumstanced which he enuraeratos, 
r© too discordant %o furnish any conclusion as to the 
ctual heat of the earth. The high temperature of 
fttnes might be athnbuted to the elfects of the fires, 
ndlesT and gim powder used by the miners, did not a 
cnikr incrsiiso obtain in deep wells, and in borings to 
jreat depths in search of water^ where no such causes 
t®f disturbance occur. In a well dug with a view to 
cover salt in the canton of Berne, and long deserted, 
lie Hmissuro hiid the most cf»mplete evidence of in- 
■creasing heat. The same ha** been confirmed by tho 
tetnporHtnre of many wells, both in Franco and England, 
osi>ecinlly by the Artesian wells, so namod from a pecu- — 
liar method of raising water fii'st resorted to in Artoid^^H 
and aince become vei-y geDemb An Artesian well con-^^B 
sists of a Hhiift of a few inches in diameter, bored Into 
the earth till a spring is found. To prevent the water 
being carried oil' by the adjacent strata^ a tube is let 
down which exnctly iiUs the bore from top to bottom, in 
which the water rises pure to the surface. It is clear 
the water could not rise unless it had previously de- 
scended from liigli ground through the interior of the 
OEu-th to the bottom of the well It partakes of tho 
emperature of the strata through which it passes, and 
■a every instance has beeu warmer in proportion to the 
iepth of tile well ; but it is evident that the law of in- 
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creuso cannot be obtained in this manner. Perhaps thft] 
most satisfactory experiments* on record are tho^e niad^l 
by MM. August do la Kive and F. Marcet during tliaj 
year 1833, in a boring fur water about a league ftoml 
Geneva, ut a place 313 feet above the level of the lakoij 
Tho depth of the bore was 727 feet, and the diame^g 
ouly betvpeen tour and five inches. No spring wai^^H 
found ; but the shaft filled with mud, from the moi^m 
of the ground inixiug with tVio earth displaced in boring 
which was peculiarly favorable tor the experiments, 3 
the ternperaturo at each depth may be considered to t»n 
that of tiio particular stratum. In this ghso, where noiirf 
of the ordinary causes of dtaturbance could oxiat, and 
where every precaution was employed by scieutific und 
ex|>erienced obseiTers, tho temperature was found tu 
increase regularly and uniformly with the depth at the 
rate of about 1° of F&hrenheit for eveiy 52 feet. Pro- 
fessor Heieh of Freyberg iiiLS tbund that the ineiin of a 
great number of observations both iu mines and wolls ia 
1" of Fahrenheit for every 55 feet of depth, and from 
M, Arago's observations in an Artesian well now boring 
iu Paris, the increase is 1^ of Fahrenheit for every 45 
feet. Though there can bo no doubt m to the mci-eRse 
of temperature in penetrating the crust of the eardi, 
iliere is still much unceitainty m to the law of increase, 
which varies with the nature of the soil and other local 
circumstances ; but ou an average, it has been estimated 
at the rate of 1° for every 50 or 60 feet, which corre- 
sponds with the observations of MM. Marcet and de la 
Rive. In consequence of the rapid increiLse of internal 
heat, thermal springs, or such as are iodependont of 
volcanic action, rising from a great depth, must necois- 
sarily be very mre and of a high temperatm'e, and it is 
actually found that none are so low as QS^ of Falireu- 
heit : that of Chaudes Aigues in Auvergne is about 
136"^, In many places warm water from Artesian wells 
will probably come into use for domestic pm-posos, and 
it h even now employed in manufactories at Wurtem- 
berg, in Alsace, and near Stutgardt. 

It is hardly to be expected tliat at present any infor- 
mation with regard to the actual internal teinperatu; 
of the earth should be obtained from that of the 
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on account of the mobility of fluids^ I>y which the colder 
mjisses sink downward, whilo those timt ere warmer 
rise to tlio surfiice. Neveiiheless it may b© etated, that 
the tempera to re of the giea decreases with tlie depth 
between the tiopics ; while on the contrary t aW tiiu' 
northern niivigatorB fonnd that the temperature increases 
with the depth in the polar seas. The ehaufre takes 
place about the 70th parallel of latitijide. Sonio ages 
liencoT however^ it may bo known whether the earth 
has arrived at» pprmanent state as to heat, by coniparifig 
ftecular obseiTations of the temperature of the ocean if 
matie at a ^eat diatutice from the land. 

Should the eaith's temperature increase at the rate 
of 1^ for every fifty feet, it is clear that at the depth of 
200 miles the hardest substances must bo in a state of 
fusion, and our globe must in that case either be encom- 
passed hj a stratum of melted lava at that depth, or it 
must be a ball of liquid fire 7600 miles in diameter, in- 
closed in a thin coating of solid matter ; for 200 miles 
are nothing when compared with tlie size of the earth. 
No doubt the form of the earth, as determined by the 
pendulum and bits of the meridian, as well as by the 
motions of the moon, indicates original fluidity and subse- 
quent consolidation and reduction of temperature by ra- 
diation ; but whether the law of increasing temperature 
lA uniform at still greater depths than tiioae already 
»ttaiued by man, it is impossible to say. At wll events, 
iiitemal fluidity is not inconsistent with the present 
state of the earth's surface, since earthy matter is as 
bad a conductor of caloric njs lava, which often retains 
its heat at a very bftle depth for years after its surface 
is cool- Whatever the riidiation of the earth might 
have been in former times, certain it is that it goes on 
very slowly iu our days ; ior IVL Fourier has computed 
that the centi-al heat is decreasing from radiation by 
only about the ^^fj-^^tb part of r secofiel-in acentury* If 
so, there can be no doubt that it will ultimately be dis- 
sipated ; but as far as regards animal and vegetable life, 
it is of vi^ry little consequence whetiier the center of 
our plajiet be liquid lire or ice, since its condition in 
eitiierca.se could have no sensible elfoct on the climate at 
its surface. The jnteninl fire does not even luqiart heat 
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enotijs^i to melt the snow at thp poles, though so much 
nearer to the center thoii any other part of the globe. 

The miniunse extent of uctive volcanic fire is one of 
the causes of heat which must not be overlooked. 

The range of the .Vudea from Chili to the north of 
Mexico, i>robably from Ua[io Horn to Caljfoi'Diai or even 
to New Madrid in the United States, is one vfist district 
of igneous action, including the Caribbean Sea and the 
West Indian Inlands on one hand ; and stretching quite 
across the Pacific Ck'ean, tlu-ough the Polynesian Archi- 
pelago, the New Hebrides, tho Georgian and Friendly 
Islands, on the other. Another chain liegius with the 
Aleutian IslandB, extends to KamtschRtka^ and from 
thence passes through tho Knrile, Japanese^ and Phil- 
ippine Islands, to tho Moluccas, whence it spreads with 
terrific violence through the Indian Archipelago, even 
to the Bay of BengiU. Voicanic action may agaiiM* 
followed from the onti-anco of the Porsiiin Gulf to "" 
agascar, Bourbon, the Canaries^ and Azores- The 
a continuoua igneous region extends ihrough about 1000 
geogi'aphical miles to tho Caspian Sea, including the 
Mediterranean, and extending north and south between 
the 36th and 40th parallel of latitude; and in central 
Asia a volcanic region occupies 2500 square ge^igraphicfd 
miles. The volcanic fires ai*e developed in Iceland in 
treniendoua force ; and tho antarctic land recently dis- 
covered by Sir James Ross is an igneous formation of 
the boldest structure, from whence a volcano in high 
jictivity rises 12,000 feet above tho perpetual ice of 
tlieae jjolar deaertSj and within 19i^ of the south jiole. 
Thronghoiit this vast portion of the world tho subterra- 
neous lire is often intensely itctive, producing such vio- 
lent earthquakes and eruptions tliat their elfecU, nccu- 
mulaled during millions of years, may account for many 
of tlte great geological changes of igneous origin that 
have already taken j)lace in the efOth, and may occasion 
others not less reniarkable, should titne — that essential 
ettunent in the vicissitudes of tlie globe — bo granted, and 
their energy last* 

Mr. Lyell, who has shown the power of existing causes 
with groat ingenuity, estimates ttiat on an aveniire twenty 
ernpliuns take place atinually in (iilTeieat parts of Uio 
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world ; nnd tnany must occur or have hajiponetl, even on 
liie HiosC exteusivti aud awful scale, among pegpte equally 
icapablu of estimating their effects nod of recording 
lem. We should never have known tlie extent of the 
arful eruption which took place in the islimd of Sum- 
wn, in 1815, but for t-ho accident of Sir Stamford Raf- 
i©8 having been governor of Java at the time. It began 
|»ii the 5tii of April, and did not entirelj coiiiiB till Julj, 
IfThe ground wm sliakeu tlmiugh an area of 1000 miles 
circumference ; tho tremoi-e were felt in Java, the 
oluccaa, a great pait of Celebes, Sumatra, and Bornoo. 
he detODatii>ns were heard in Snmati'a, at the distance 
970 geogmphical mUes in a straif^ht line ; and at Ter- 
nate, 720 miles io the opposite direction. The most 
' 'eadfal whirlwiadB carried moo and cattle into tlie air; 
id with the exception of 26 persons, the whole popu- 
lation of the iislaud perishod to the amount of 12,000, 
Aabe-s were carried 300 utiles to Java, in such qnantitiea 
iJmt th© darknesa during the day was more profound 
I than ever had been witnoi^&ed in the most obscure night. 
^Tho &ce of the country was changed by the streams of 
lava, and by the upheaving and einking of the soil. The 
town of Tomfaoro wits submerged, and water stood to 
the dej)th of IB feet m places whieh had been dry land. 
Ships groimded where they had previously anchored, 
and others could hardly penetrate the mass of cinders 
which lioated on tlie surface of the sea for several miles 
to the depth of two feet- A catastrophe similar to tliis, 
though of less magnitude, took place in the island of Bali 
In 160B, which was not heard of in Europe till years 
'afterward. The eniption of Coseguina in the Bay of 
Fonseea, which hegan on the 19th of January, 1635, and 
lasted many days, waa even more dreadful and eictensive 
jn its effects than that of Snrabawa. The ashes during 
this eruption wore can-ied by the upper current of the 
atmosphere as far north as Chiassa, which is upward 
of 400 leagues to the windward of that volcano. Many 
volcanos supposed to be extinct have all at once burst 
out with inconceivable violence. Witness Vesuvius, on 
Jiistorical record ; and the vobano in the island of St 
Vincent in our own days^ whose crater was iined with 
large trees, and which hnd not been active in tlie mem- 
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ory of maa. Vast tracts are of volcauic origin where 
vobatios have ceased to exist for ages. Whence it raay 
be inferred that in somo places the iiubt*>rrimc5ous tires 
are in the highest state of activity, in some they are 
inertt and in others they appear to be extinct Yet there 
are few countries tliat are not subject to enrth quakes of 
greatet" or leas iDtcosity ; the tremors are propagated 
like a Bonorous updulation to such distances that it is 
unpossible to say in what point they originate. In some 
recent instances tiieir power must have been tremendous. 
In South America, so lately as 18^22, an arpii of 10t),(HK) 
square miles, which is equal in extent to tho half of 
France, was raised several feet above its present level ; 
a most able account of which is given in the -^ Tmnsac- 
tions of the Geological Society,* by an esteemed friend 
of the author, Mrs. Gmluirn, now Mrs. Calcott, who 
wa* present during the whole time of that formidable 
earthquake, which recurred at short intervals for more 
tlian two montiis, and who possesses talenU to appre- 
ciate, and had opijortunitios of observing, its effects 
under the most favorable circumstances at Valpai"aiso» 
and tor miles along the coast whore it was most intense. 
A considerable elevation of the land has again taken 
place along the coast of Chili, in consetpience of the 
violent earthquake which happened on the 20th of Feb- 
ruary, 1S35. In 1819, a ridge of land atretching for 50 
miles across the delta of the Indus, 16 feet broad, was 
raised 10 feet above the plain; yet the account of this 
marvelous event was recently brought to Europe by 
Mr. Burnes. The reader is referred to Mr. Lyelfs 
very excellent work on geology, already mentioned, for 
most interesting detada of the phenomena and extensive 
effects of volcanos and earthquakes, too numerous to 
find a place here. It may liowever be mentioned, tliat 
innmnerable earthquakes ui'o from time to lime shaking 
the solid crust of the globe, and carrying destruction to 
distant regions, progi-essivelj though slowly accomplish- 
ing the great work of change. These terrible engines 
of ruin, fitful and uncertain as they nniy seem, must, 
like all durable phenoinena, have a law% which may in 
time be discovered by long-continn«d and accurate oh- 
iservatJons, 
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The shell of volcanic ihe that girds the ^lobe nt a 
small depth below our feet has been itttributml to differ- 
ent causes* By sorae it is supposed to origiaat* in an 
ocean of incnndescRnt matter, still existing m the cen- 
tral abyss of the earth. Some conceive it to be auper- 
ficinif and due to chotiiical actio ti^ in strata at no very 
r ^Bat depth when compftretl with the size of the globe. 
I-The more so, as matter on a most extensive st^o h 
^passing from old into uewcombinalionsT which, if rapidly 
► effected, are capnble of producing the most intense heat, 
'According to othei-s, electricity, which is so universally 
diffused in all lU forms tliroughout the earth, if not the 
immediate cfiuse of the volcanic piionomena, at least 
determines the chemical afhnitieg that produce lliem. 
It is clear that a subject so involved in mystery must 
give rise to mucli spocuktion, in which every hypotho- 
BIS is attended with difficulties that observation alone 
can remove. 

But the views of Mr. B abb age and Sir John Herschel 
on the general cause of volcanic action^ and the changes 
in the equilibrium of the internal heat of the globe, ac- 
cord more with the laws of mechanics and radiant caloric 
than any that have been proposed. The theory of these 
distinguished philosophers, farmed independently of each 
other, is equally consistent with observed phenomena, 
whetlior the earth be a solid crust encomptvssing a nu- 
cleus of liquid lava, or that there is merely a vast reser- 
voir or stratum of melted matter at a moderate depth 
below the su[>erficial crust. The author is indebted to 
the kiocbess of Mr, Lyell for the perusal of a most 
interesting letter from Sir John Herschel, in which he 
states his views on the subject. 

Supposing that the globe ia merely a solid crust, rest- 
ing u|)on Huid or semi-fluid mattort whether extending 
to the center or not, the transfer of pressure from one 
part of its surface to another by the degradation of ex- 
isting continents, and the formation of new ones, would 
be sufficient to subvert the equilibrium of heat in the 
interior, and occasion volcanic eruptions. For, since 
tho internal boat of the earth is transmitted outwards 
by radiation, an accession of new matter on auy part af 
the surface, like an addition of clothing, by keeping it in, 



350 VOLGAJViC THEOmEB. SscT. XXVI. 

would raise the terapemtiiro of tlie strflta below, and in 
tbo course of ages would even reduce lhoa^^ at a great 
depth to a state of fusioii. Some of the sub stance s might 
be converted into gases ^ and aliould die accumulation of 
new matter take place at the btjttora of tlie sea, as is 
generally the case, this lava would be mixed with water 
ill a state of igoitiou lu cunsequcuce of the enormotta 
pressure of the ocean, and of the ri«wly superimposed 
matter which woidd prevent it Irom expanding into 
steam. Now Mr. Lytdl has ahowu vrith his u^ual talent, 
that the quantity of mutter carried down hj rivers from 
the surface of the coDtiuents ia compaiatively triding, 
and that the great traaafer to the bottom of the ocean \a 
produced at the coast line by the action of the sen ; 
hence, says Sh* John Herschel, *' the gi'eatest accumula- 
tion of locfd pi-essure is m the central area of tlie dei^p 
flea, while the greatest local relief takes place along the 
abraded coast lines. Here then should occur the chief 
volcanic vents," As the cmst of liio earth is mucli 
weaker on the coasts than elsewliere, it is more easily 
ruptured^ and, as Mr, Babbage obsei-ves, immeose rents 
might be produced there by its contraction 'in cooling 
down after being deprived of a portion of ita original 
thicknena. The pressure on the bottom of the ocean 
would force a column of lava mixed with ignited water 
and gas to rise through an opening tlius formed, and, 
«ays Sir John Horschel, ** when the column attains such 
a height that the ignited water can become steam ^ tlie 
joint specitt gravity of the column is suddenly dimin- 
ished, and up comes a jet of mixed steam and lava, till 
BO much has escaped that the matter deposited at tlio 
bottom of the ocean takea a fresh bearing, when the 
evacuation ceases and the crack becomes sealed up.^* 

This theoij perfectly accords witJa the phononiena of 
nature, since there ai'© very few active volcanos «t a dis- 
tance from the sea, and the exceptions that do occur 
are goDernlly near lake^, or they are connected with 
volcanos on the maritime coasts. Many break out even 
in the bottom of the oceim, probably owing to some of the 
supports of the superficial crust giving way, so tlial the 
eteam and lava are forced up througli the fissures. 

Finally^ Mr. Babbage observes thiit ''in consequence 
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of chiuiges continually poing od, by the destruction of 

•forests, the liiling up of 8ea«, the wearing down of ele- 

Ifttted lands » the heat mdiated from the eaith'a surface 

faries cousidembly at daJlerotit iJerioda. In consequence 

" thia varifttioD, and also in consequence of the covoring 

p of the bottom of the sea by tlie detritus of tbe land^ 

lo surfaces of equal temperature within the etui,h are 
^ntmually changing their form, and exposing tliick 

ds near the exterior to alterations of iemperature. 

he expansion and contraction of these strnta may tbrm 
Vents and veins, produce earthquakes, determine voi- 
ce nic eruptions, elevate continents, and possibly raise 
unountnin chain g.'* 

The numerous vents for the internal heat forme*! by 
l^lcanoa, hot springs, and the emission of steam so 
'equont ia volcanic regions, no doubt maintain tlie tran- 
i<|uillity of the interior fluid mass, which seems to bo 
' lerfectly inert unless when put in motion by nnet[ual 
tressure. 

But to whatever cause the increasing heat of the 
^j©arth and tlie subterranean fires may ultimately be 

ferrud, it is certain that^ except in some local in- 
ices, they have no sensible effect on the temperature 
of its surface. It may therefore be concluded tliat the 
beat of the earth above the zone of unifonii temperature 

entirely owing to the sun. 

The {K>wer of tlie solar raya depends much upon the 

anner in which they fall, as we readily perceive from 

le dilFerent elinmtes on our globe. The earth is about 
three millions of miles nearer to the sun in wiater than 
in snnimerT but the rays strike the northern hemi- 
sphere more obliquely in winter than in the other half 
of the year. 

The observations of the north polar navigators, and 
those of Sir John Herschel itt the Cape of Good Hope, 
show that the direct heating influence of tlie solar rays 
is greatest at the equator, and that it diminishes gi-adu- 
ally as the latitude increases. At the equator the 
maximum is 48|*=^, while in Europe, it has never ex- 
ceeded ^3Ui^. 

M, Pouillet has estimated with singular ingenuity, 
from a seritjs of obsorvationa inado by himself, tliat the 
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whole quantity of heat which the earth receives annu- 
aliy from the Biin is such as would be sufficient to melt 
» stratum of ice covermp; the whole glot^e 4G feet deep. 
Part of this heat is radiated back inr© «i)ace ; but by far 
the greater part deacends iuto the earth duriiig tke 
summer, toward the koelo of uniform temperature, 
whence it returns to the surface in the course of the 
winter, and tempers the cold of the ground and the at- 
mospboro in iis passage to the ethereal regions, w^here 
it is lost, or rather where it combines with the radiaiioti 
from the other bodies of the universe in maintaining 
the temperfitiire of space. The sun's }xjwer being 
greatesjt between the ti'opics, the caloric sifiks deeper 
there than elsewhere, and the depth gi-adually dimin- 
ishes toward the poles ; but the heat is also transmitted 
latenilly from the warmer to tlie colder strata north and 
south of the equator, and aids in tempering the seveiity 
of the polar regions. 

The moan heat of the earth above the stratum of 
constant temperature is determined from that of springs; 
and if the spring be on elevated ground, the temperature 
is reduced by computation to what it would bo at the 
level of the sea, assuming that the heat of the smi 
varies according to the same law as the heat of the 
atmosphere, which is about 1"* of Fahrenheit's ther- 
mometer for every 333-7 feet. From a comparison of 
the temperature of nutnerous springs with that of the 
aiTj Sir l>avid Brewster concludes that there is a par- 
ticular line passing nearly tlu-ough Berlin, at which the 
tompfirature of itprings and that of the almosphere 
cohicide ; that in approacliing the arctic circle the tem- 
perature of springs is always higher than that of the air, 
while proceeding toward the equator it is lower. 

Since the warmth of the superficial strata of the earth 
decreases from the equator to the poles, there are many 
places in both hemispheros where the ground has the 
same mean temperature. If lines were drawn through 
all those points in the upper strata of the globe which 
have the same mean annual temperature, they would 
he nearly parallel to the equator between tlie troijics, 
and would become more and more irregular and sinuous 
towitrt} the pole;*. These are called iaa^t»otheimal lines. 
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A variety of local circumstanceg disturb their panUlelism 
even between the tropics. 
The Eeraperature of th^s ground at tlio equator is 
flower ou the coasts and islands than in the interior of 
contiiienta ; the warmest part is iu the interior of Africa, 
but it is obviously affected by the nature of the soil, ea- 
Jpecially if it be Yolcanic. 

Much has been done withiu a few years to ascertain 
I the inanuer in which heat is distributed over the sur- 
jlaee of our plauetn, auti the variations of climate, which 
[in a general view mean every change of the atmos- 
Vphere, such aa of tempemtnre, hunjidity, variations ot 
l^rometric proas ure, purity of air, the serenity of the 
[Iieaveu5» the effects of muds, aud electi'ic tension. 
jTomperatnre depends upon the property which ail 
l^liodies possess more or less, of perpetually absorbing and 
emitting or mdiatiug heat. When the interchange is 
equal, the temperature of a body remains the same ; 
but when tlie radiation exceeds the absorption, it be- 
comes colder, and mce versa. In order to determine 
the distribution of heat over the surfact> of the eaith, it 
is necessary to find a standaiti by which the tempera- 
ture JO di/fereut latitudes may be compared. For that 
purpose it is requisite to ascertain by experiment tlie 
mean tomp«rature of the day, of the month, and of the 
year, at as many places as possible throughout the 
earth. The annual average temperature may be found 
by addiag the mean temperatm-es of ah the months iu 
the year, and dividing the sum by twelve. The average 
of ten or fifteen years will give it with tolerable accu- 
racy ; for although tlie temperature in any place may 
be subject to very great variations, yet it never deviates 
more than a few degrees from its mean state, which 
consequently offers a good standard of comparison. 

If climate depended solely uikju the heat of the sun, 
all places having the same latitude would have the same 
mean annual temperature. The motion of the smi in 
the ecliptic indeed occasions perpetual variations in the 
length of the day, aud in the direction of the rays with 
regaixl to the earth; yet, as the cause is periodic, the 
mean annual temperature from the sun's motion alone 
must be constant in eath parallel of latitude. For it hn 




liEAT DECttEASES WITH HEIGHT, SscT. XXVi 



^ 



evident that tho Bccumulation of heat in the long rlays of 
summer,, whicli is but little diminiahed by radiatioa 
during the short nights, is balnnced by tho smaH quBD- 
laty of heat received during the short days in winter, ' 
and ita radiatiun in tho long frosty and clear night^s. 
In fact, if the globe were everywhere on a level with 
the surface of the aea, and of uniform substance, so ag 
t» absorb and radiate hf^at equally, the mean heat of the 
sun would be regularly distributed over its surface In 
zones of equal annual teiiiperuture parallel tu tho equa- 
tor^ fraui wliich it would decrease to each pole as the 
square of the cosine of the latitude ; and its quantity 
would only depend upon the altitude of the sun and 
atmospheric currents. The distribution of heat, how- 
e¥er, in tlio sumo parallelj is vei-y irre^lar in all lati- 
tudes except between the tropics, whore tho isotliermal 
lines, or the lines passing through places of equal mean 
annual temperalure, are more nearly parallel to the 
eijuator. The causes of disturbance are very numerous: 
but such as have the greatest influence, according to M, 
de Humboldt, to whom we are indebted for the greater 
part of what is known on the subject, are the elevation 
of the continents, the distribution of land and water 
over the surface of tbe globe exposing different absorb- 
ing and radiating powers \ the viiriations in the surface 
of the laud, on forests, snndy deserts, verdant ])lnins, 
rocks, dec. I mountain- chains covered with masses of 
snow, which diminish the tempei-ature ; this reverbera- 
tion of the sun's rays in the vaDeys, which increases it; 
and the interchange of currents, both of nir and whaler, 
which mitigates the rigor of climates; the warm cur- 
rents from tho equator softening the severity of the 
p>Iar frosts, and the cold currents from the p4>les tem- 
pering the intense heat of the equatorial regions. To 
these may be added cultivation, though its influence 
extends over but a small portion of the globe, only a 
fourth imrt of the land being inhabited, 

Tem|>eratTire decreases with tho height above the 
level of the sob, as well as with the latitude. The air 
in the higher regions of the atmosphere is mucli cooler 
than that bolow, because the warm air expands as it 
ns&s, by which its capacity for heat is increased, a great 
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proportion becomes latent, and less of it sensible. A 
portion of nir at the sin-face of the earth who&e temper- 
ature is 70'^ of Fahrenheit, if carried to the height of 
two miles and a half, would expand so much that its tem- 
perature would he reduced 50^ ; and in the ethereal 
egioos the temperature is 90^ below the point of con- 
latioD. 

The height at which snow lies perpetually decrease! 
from the equator to the jjoIosi and la higher in summer^ 
thou in winter ; but it varies fi^om many chcurn .stances*' W 
Hnow rarely falls when the cold is intense and the at^S 

sphere dry. Extensive forests produce moisture by>V 
Leir evaporation ; and hi^h table-lands, on the contrary, 
and warm the air. In the CordiUei-as of the Andes, 
plains of only twenty- five square leagues raiae the tem- 
perature as much as 3^ or 4^' above what ia found at tho 
same altitude on tlio rapid declivity of a mountain, cod- j 
sequendy the line of perpetunl snow varies accoi-ding otffl 
one or other of these causes prevails. Aspect in gen- ■ 
era! has also a great influence ; yet, according to M. 
Jacquemont, the line of perpotuid snow is much higher 
on the northern ttian on the southern side of the llima- 
laya mountiiins. On the whole, it appears that the mean 
height between the tropics at which the snow lies per- 
petually is about 15,207 feet above the levei of the son; 
whereas snow does not cover the groutul continually at 
the level of the ocean till near the north fKjlo- In the 
southom hemisphere, however, the cold is j^eater than 
in the northern. In Sandwich Land, between the 64th 
and 58th degrees of latitude, perpetual snow and ice ex- 
tend to tlie sea-beach ; and in the island of St. George's, 
in the 53rd degree of south latitude, which corresponds 
with the latitude of the central counties of England, per- 
petual snow descends oven to the level of the ocean. It 
has been shown that this excess of cold in the southern 
hemisphere cannot be attributed to the winter being 
longer than ours by 71 days. It is probably owing to 
the ice being more extensive at the south than the north * 
pole, and to the open sea surrounding it, which |*ermita 
the icebei^ to descend to a lower latitude by 10° than 
they do in the northern hemispiiere, on Bccount of the 
omuorous obstructions opposed to them by the blanda 
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mid continents about tlie north pole. Icebergs eeldnm 
float farther to the snutli than thti Azoreij ; whereas 
those that coiiio tram tho south pole descend as far us 
the Ciip« of Gooti Hope, nod occo^JtiQ a. ooDtinual al>- 
sorption of heat in melting. 

The influence of moontain-chaioB docs not wholly 
depend upon the line of perpetual congelation. They 
attract uiid condense the Tapora floating in the air, and 
send them down in torrents of j*aiii. They radiate heat 
iuto the atmosphere iit a lower elevation, and increase 
the teiiiperatnre of the v^dk^y.s by tht? redection of tlio 
suif s ray^T and by the shelter they afford agaiust pre- 
vailing winds. But on the contrary, one of the most 
general and powerful causes of cold arising from the vi- 
cinity of mountains, is ihe freezing currents of wind 
which rush fix>ni their lofiy [>eaks along the rapid decliv- 
ities, chilliDg the siirroundiog valleys : such is the cut- 
ting north wind called the bise in Switzerland. 

Next to elevation, the difference in the radtating and 
absorbing fjowers of thu sea and land has the greatest 
influence ia disturbing the regular distribution of heat. 
The extent of the dry land is not above the fourth part 
of that of the ocean ; so that the general tomperatura 
of the atmosphere J regarded as the result of the partial 
temperutures of the whole surface of the globe^ is most 
powerfully modified by the sea. Besides, the ocean 
ftcls more uniformly on the atmosphere than the diver- 
Biiied surface of the solid mass does, both by the equality 
of its cu nature and its honiogeneity. In opaque sub- 
stances the accumulation of heat is confined to the 
stratu(n nearest the surface. The seas become less 
heated at their surface than the tand^ because the solar 
rays, before being extinguished, penetrate the trans- 
parent liquid to a greater deptli and iu greater numbers 
than in the opaque masses. On the other hand, water 
has a considerable radiating pt>wer» which, together 
with evaporation, would reduce the suifaco of the ocean 
* to a very low temi>erature, if the cold particles did not 
61 nk to the bottom on account of their superior density. 
The seas preserve a considerable |>ortion of the heat 
they receive in summer, and from their snltness do rtot 
Q'eeze so soon as fresh water. So that lu consequence 
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of all these circumstances, the ocean is not subject to 
such variations of heat as the land ; and by imparting 
its temperature to the wine's, it diminishes the rigor of 
climate on the coasts and in the islands, which are 
never subject to such extremes of heat and cold as are 
experienced in the interior of continents, though they 
are liable to fogs and rain from the evaporation of the 
adjacent seas. On each side of the equator to the 48th 
degree of latitude, the surface of the ocean is in gene- 
ral warmer than the air above it. The mean of the 
difference of the temperature at noon and midnight is 
about 1^*37, the greatest deviation never exceeding from 
0°'36 to 2*^*16, which is much cooler than the air over 
the land. 

On land the temperature depends upon the nature 
of the soil and its products, its habitual moisture or dry- 
ness. From the eastern extremity of the Sahara 
desert quite across Africa, the soil is almost entirely 
barren sand ; and the Sahara desert itself, without in- 
cluding Dafour or Dongola, extends over an area of 
194,000 square leagues, equal to twice the area of the 
Mediterranean Sea, and raises the temperature of the 
air by radiation from 90° to 100°, which must have a 
most extensive influence. On the contrary, vegetation 
cools the air by evaporation and the apparent radiation 
of cold from the leaves of plants, because they absorb 
more caloric than they give out. -The graminiferous 
plains of South America cover an extent ten times 
greater than France, occupying no less than about 
50,000 square leagues, which is more than the whole 
chain of the Andes, and all the scattered mountain- 
groups of Brazil. These, together with the plains of 
North America and the steppes of Europe and Asia, 
must have an extensive cooling effect on the atmosphere 
if it be considered that in calm and serene nights they 
cause the thermometer to descend 12° or 14°, and that 
in the meadows and heaths in England the absorption 
of heat by the grass is sufficient to cause the tempera- 
ture to sink to the point of congelation during the night 
for ten months in the year. Forests cool the air also 
by shading the ground from the rays of the sun, and by 
evaporation from the boughs. Hales found that the 
17 y2 
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Electricity may be called into activity by mcchfiQical 
power, by chtsiiiicid actiou, by heat, and by magnetic 
influenee. We are totally ignorant why it ia roused 
firom its neutral state by Bueh means, or of the manner 
of its existeoce in bodieaj whether it be a material agent, 
vibratioDS of ether, or mertjly a pryjHjrty of matter. 
Various circu^n stances render it more thati probable 
that, tike light and heat^ it ia a iiiodification or vibi^tion 
of that subtile ethereal medmm which in a highly elas- 
tic state pervades all space, and which is capable of 
moving with various degrees of facility through the pores 
even of the densest subatancea. As experience ehows 
that bodies in one electi'ic state attract, and In another 
repel each other, the hypothesis of two fluids has been 
(idopted by many philosophers ; but probably the mutual 
attraction and repulsion of bodies arise from the redun- 
dancy and defect of their electricities, though all the 
electrical phenomena lean be explained on either hy- 
pothesis. Bodies having a redundancy of the electric 
fluid are said to be positively plecti'ic, and tho&e in defect 
negatively. As each kind of electricity has its peculiar 
properties, the science may be divided into four branch- 
es, of which the following notice is intended to convey 
some idea* 

Substances in a neutral state neither attract nor 
repel. There is a numerous class crdled electrics, 
in which the electric equilibrium is destroyed by fric- 
tion ; then tli© positive and negative elecliicities are 
called into action or separated ; the positive is irn- 
pelled in one direction^ and the negative in another; 
or more correctly, the electricity is impelled in one di- 
rection at the expense of the other where there is a de- 
ficiency of it. Electricities of the same kind repeU 
whereas those of diflereot kinds atti-nct each other. 
The attractive power is exactly equal to the repulsive 
power at equal distuncas, and when not opposed, they 
coalesce with great rapidity and violence ; producing 
tlie olectric flasih, explosion, and shock: then equiii- 
briuin is restored, and the electricity remains latent till 
again called forth by a new exciting cause. One kind 
of electricity cannot bo evolved without the evolutioo of 
ftH equal quantity of the opposite kind* Thus when n 
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glsiss rod is rubbed with r piece of silk^ as much positivo 
electricity is elicited in the ^las^as there is negative in 
the silk ; or io other words there is n redDiidancy in the 
glass and a proportional deficiency in the silk. The 
kind of elccfricity depends more upon the niechRiiical 
condition than on the nature of the suriace : for when 
two plates of gla-sa, one |>olished and the other rough, 
^Bore rubbed against each other, the polijshed surface tic* . 
^^paires positive and tho rough negative electricity ; thai I 
^Ht the one gains and the other loses. The manner in 
^Hrhich friction is pt^rformed also fdters the kind of elec- 
^■tricity. Equal lengths of black and white riband ap- 
plied longitudinfdly to one another, and drawn between 
the finger und thumb, so us to rub their surfaces to- 
gether, become electric. When separated, the white 
riband 19 found to have acquired positive electricity, and 
the black has lost it^ or become negative ; but if the 
whole length of tlie black riband be drawn across the 
breadth of the white, the black will be positively and^ 
the white negatively electric when separate. Elec*^ 
tricify may be transferred from one body to another in 
the sarao manner as heat is conimnnicated, and like it 
too^ the body losca by the tmnsmission. Although no 
substance is altogether impervious to the electric fluid, 
nor is there any that does not oppose some resistance 
to its passage, yet it moves with much more facility 
through a certain class of substances called conductors, 
such as metals, water, the human body, «5cc.j tlian 
through atmospheric air, glass, ailk, &c., which are 
theretbre called non-conductors* The conducting power 
IS aifected botli by temperature and moistuie. 

Bodies surrounded with non-conductors are said to be 
Dsulatod, (jccauset wheii charged, tlie electricity cannot 
escape. When tiiat is not I lie case, the electricity is 
conveyed to the earth, which is formed of conducting 
matter; consequently it is impossible to accumulate 
electricitj' in a con<hicting substunce that is not insu- 
lated. There are a great many substances caUed non- 
electrics, in which electricity is not sensibly developeJ 
whj friction, unless they be insidated, probably because it 
caiTied olT by tlieir conducting |>rjwer as soon as 
Aicited. Metals, for example, which are said to bo 
18 
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m 
St. George's Bay, NewfoutitJIand, latitude 48=* ; aod 
lasttyt tbe line of 32", the tVeeziog point of water, passes 
bctwecQ Ufca in Lapland, latituilH 6Q°^ and Table Bay, 
on the cotist of Liibmdor, latitude 54°. 

Thus it appears ibat the isothermal bnes, which are 
nearly parallel to the equator tor about 2"2S afterward 
deviate more and more. From the observations of Sir 
Charles Gicsiscke in tTreRulaud, of Captain Scoresby in 
the Arctic Seas, aod also from those of Sir Edward 
Parry and Sir John Frankbn, it is found that the iso- 
thermal hoes of Europe and America t^iitirely separate 
in the high latitudes, nnd Burronnd two poles of max* 
imiim cold, one in America and the other in the north 
of Asia, neither of which coincides with Ihe pole of the 
earth's rotntion- These polos are both situate in about 
the 80th parallel of north latitude. The transatiantic 
polo is in the 100th de^ee of west longitude, about 
5"^ to the north of Sir (xrabam Moore's Bay, in the 
Pokr Seas ; and the Asiatic pole is in the 95tb degree 
of east longitude, a Utile to tlie noith of the Bay of Tai- 
miiraj near the North-east Cape. According to the 
estimation of Sir David Brewster, from the gbservatioos 
of M. de Humboldt and Captains Parry nnd Scoresbji 
the mean annual temperature of the Asiatic pole is 
nearly l"^ of Fahrenheit's thermometer, nnd that of the 
trausatlantic polo aboat 3|'' below zero, whereas he sup- 
poses the mean annual temperature of the i^kjIo of rota- 
tion to be 4^ or 5^- U is believed thnt two correspond- 
ing poles of maximum cold exist in the southern hemis- 
phere, though obsefvations are wanting to trace the 
course of the southern isothermal lines with the same 
accuracy as tJie northern. 

The isothermal luios, or such as pass tlirough places 
where the mean annual temperature of the air is the 
same, do not alwiiys coincitie with the isogootheniial 
lines, which are those passing through places where the 
in ©an temperature of the ground is tlie same. Sit 
David Brpwster, in discussing this subject, ttnds that 
the isogeotherinal lines are always parallel to the iso- 
thermal lines; coiiaequently the ^ame general formula 
will serve t:«> det(3rmine both, aiuce the ditreremce is a 
ci>jJ3tant (jtianlity obtained by observation, and depend- 



EXCESSIVE CLIMATES. 



S^ 



ing upon the distance of the place from the neutral rso- 
"bermal line. Thtise reanlts are coDfiriiied by the ob- 
Brvatioiig of M. KuplTer of Kasan during his excui"simi8 
the north, which show ttint the European and Urn 
American ])ortions of the isogeotliermal lino of 32° of ^ 
Pfthreuheit actually separate, and go round the two 
tiles of maximum cold. This traveler remarked, also, 
at the temperature both of the air and of the soil de- 
Bses most rapidly toward the 45th degree of latitude, 
f: It is evident thnt places may have the samo mewn an- 
nual lem|}erature, and yet dilUir materially in climater 
In one, the winters m«y be mild, and the summers cool ; 
whereas another may experieuce the extreuies of hoat 
and cold. Lines ])asHing through places Imving the 
same mean summer or winter temperature, are neither 
imralkd to tlio iaoLliornml, the geothermal lines, nor to one 
another, and they diller still more from the parallels of 
latitude. In Europe, the latitude of two pliices which 
have the sajne aiiniml heat never differs more than H^ or 
9"^ ; whereas tlie dilTerence in the latitude of those having 
the same mean winter temperature m sometimes as 
nmch as 18° or ll)*^. At Kasan iu the interior of Kus- 
sin, iu latitude 55° -4 8, nearly the same with that of 
^B£dinburgh, the mean annual temperature is about 37'^'6 ; 
^^pC Edinburgh it is 47°'84. At Kusan, the mean sura- 
^^faier temperHtme is 64'''B4, and that of winter 2"'12 ; 
^^prbereas at Edinburgh the metm summer temperature 
^■^ ^S'^-aS, and that of winter 3ri°*66. Whence it ap. 
^fpears that the diJt'ereace of winter temperature is much 
^^^enter than that of summer. At Quebec, the sum- 
mers are as warm as those in Paris, and grapes some- J 
times ripen in the open air: whereas the winters are I 
as severe as in Petersburgh ; tho snow lies five feet] 
deep for sevei-al months, wheel carriages cannot be used, 
the ice is too hard tor skating, ti'aveling is performed in. 
sledges, and frequently on the ice of the river St. Law- 
re nce< The cold at Melville Island oa the 15lh of Jan- 
uaiy, 1820, according to 8ir Edvmi-d Parry, w^as 55*^ 
bolow the zero of Fahrenheit's thermometer, only 3° 
jibore the temperature of the ethereal regions, yet the 
Atnnier heat in these high latitudes is insupportable. 
Observations t«nd to prove that all the climates of the 



8»fCE OF HEAT OH VEGETATION. Sirr. XSVIL 

^blfif imd that their vicksltudes axe oiHj 

toilktions of more or loss extent, which van* 

mn aatmal temperature of a Euf!icteii& mim- 

„^^ This cotisUmcy ot tlie mean aciutial t^^uiper- 

J different places on the surface of tii© ^lobe 

he saiTit3 (juitulity of heat, whieh is aomiaUy 

>,^ the eiirto, is azinDally radiated into s|mc©, 

,i«cJet.3 a viiripty of ctiuses may disturb the climate 

>!ace ; cultivatmn mnj make it Wiirmer ; but it is 

B exiwnsi^ of some other place, which becooies 

in the ^ame proDortidii. Tlicre inaj he a i»uc- 

ri of cold sujim.^.^ ^^^ Jii.J winters, but in some 

couDtry the contrurj^ in *a pltice to eflbct the 

jeiisatiort ; wind, rain, snow fog, and the oilier me- 

■ phtifiotiieua^ are the tuiuia. jra employed to Bf.'com- 

he chaiiges. The distribution of heat may vaiy 

if^ariety of circumstances ; but the absoluto quaD- 

t and gained by the who Its 4JuJth io the coun^e of 

\a invariably the aauie. 
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Influence of Temperature on Vegetation — Vegetation variedfwith the Lati 
tude and Height above the Sea— Geographical Distribution of Land 
Plants — Distribution of Marine Plants — Corallines, Shell-fish, Reptiles, 
Insects, Birds, and Quadrupeds — Varieties of Mankind, yet Identity of 
Species. 

The gradual decrease of temperature in the air and in 
the earth, from the equator to the poles, is clearly indi- 
cated by its influence on vegetation. In the valleys of 
the torrid zone, where the mean annual temperat^ure is 
very high, and where there is abundance of light and 
moisture, nature adorns the soil with all the luxuriance 
of perpetual summer. The palm, the bombax ceiba, 
and a variety of magnificent trees, tower to the height 
of 150 or 200 feet above the banana, the bamboo, the 
arborescent fern, and numberless other tropical produc- 
tions, so interlaced by creeping and parasitical plants as 
often to present an impenetrable barrier. But the 
richness of vegetation gradually diminishes with the tem- 
perature • the splendor of the tropical forest is succeeded 
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I fjy ibe regions of tho olive and vino ; those ugain yield 
to the verdant meadows of more teaiperate chmes ; then 
follow tho birch aod the pino> which probably owe their 
existonce in very high bititudes more to the warmth of 
the soil tlmii to that of the air. But even thos^e eaduring 
plaut^ become dwarfish stunted shrubs, till a vordant 
carpet of mosses and licheua^ enameled with flowerH» 
exhibits the laist sign of vegetable lifo during the short 
but fervent sniniuerB at tho polar regions. Such is the 
elfect of cold and diminished light on the vegetable kiug- 
dom, that the Dumber of species growing under the 
fine, uud in th« northern latitudes of 45'' and Q&^y are in 
the projiortion of the numbers 12, 4, and 1. Notwith- 
standing the remarkable difference between a tropical 
and iMjIar Flora, light and moisture seem to be almost the 
tioly reqnisites for vegetation, since neither heat, cold, 
nor evt'U comp!irativ« dai-knesg, ab:*olutely desDijy the 
J'erliUty of nature. In salt plains and sandy deceits 
alone, hopeless barrenness prevails. Plants gi-owon the 
Ijorders of hot springs — they form the oasis wherever 
moisture i*xists, among the burning sands af Africa — 
they are found in caverns almost void of light, though 
generally blanched and feeble. The ocean teems with 
vegetation. The snow itself not only produces a red 
alga, discovered by Saussure itj tJie fnpzen declivities of 
the Alps, found in abundance Iiy the author crossing 
the Gol de Bonhomnie from Savoy to Piedmont, and by 
the polFir navigatcn-s in the Arctic regions, but it affords 
shelter to the prodnctions of those inhospitable cltniea 
against the piercing winds tlial sweep over fields of ever- 
kSting ke. Those interesting mariners narrate, that 
jnder tliis cold defence plants spring up, dissolve the 
snow a few inches round, and the part above being 
again quickly frozen into a tmnsparent sheet of ice, ad- 
mits the sun's rays, which warm and cherish tlie plants 
in this natural hot-house, till the returning summer ren- 
ders such [U'otcction unnecessary. 

The chemicfd action of light is, however, absolutely 
requisite for the growth of plants which deiive their 
principal nourishmetit from the ntmosiihere. They con- 
sume carbonic acid gas, vafior, nitrogen, and the ammo* 
Ilia if contains; but it is tln^ rhemiral agency of light 
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peara that llie i-eslstancc of tlie air lo the puss age of the 
electTJC fluid la proportiuual to the sou are of its deosjty, 
but tbiit the net urn al' blectricitj ou dL»5iiitit bodies by \r- 
ductjiju is quite iudtspeudBtit of atinusphenc pres^re, 
aud U the siune in vacuo a^ m fiir. 

The power of rcfiiitiiijg electricity de|>©ods aJso npoa 
the shape of the body* It m most easily retained by ft 
j^pherei aext lo that by a spheroid » but it readily e^^apei 
from a point; and u poitited object receives it with 
moat IkciJity. It ftppears from aniilysis, thax electrlcily^ 
when 10 eqtiillbrio, spreadji it&elf in a thin stratum over 
the surface ot* a sphere, in cxiusequence of Oie repuIaioD 
of its particles^ which force is directed from the center 
to the auri«c&. In an oblong sfiht^roid, the Lntoosity nr 
thickuBsa of the stratum of electricity at the extremittes 
of the two axes m exactly in the proportion of the axet 
thomsfilves ; heuce, wlien the ellipsoid is imicb elon- 
gated* tljB eiiictricity becomes very leeble at the equator, 
and powerful at tlje |>ole3. A still greater diifereoce in 
the ititen^itlt^s taki.'S phice in bodiea of eylindncal or 
prispiatic toruit and the more ao m proportion aa their 
ieugth exceendi* thair breadth ; therafore xho electrical 
intensity is veiy powerful at a poiul where nearly the 
whole electricity in the body i^ concentrated. Not- 
witliatfindirig these nualytieal results, it is doubted 
whether the dU{K>^itiou of alectrifiad bodies to discharge 
their electricity from points or edges may not arise from 
the sni^erior attiiictive force generated by induetioo in 
external bodies, rather than from an original concentra- 
tion of the electric fluid in these parts. 

A pei-fect conductor ia not mechanically affected by 
the passage of electricity, if it be of sufficient size to 
carry off the whole ; but it is shivered to pieces in an 
instant if it be too small to carry off the charge : this 
also happens to a bad conductor. In that case the 
physical change is generally a separation of the particles, 
though it may occasionally be attributed to chemical 
action, or expansion from the heat evolved during the 
passage of the fluid ; but all these effects are in propor- 
tion to the obstacles opposed to the freedom of its 
course. The heat produced by the electric shock is 
intense, fusing metals, and even volatilizing substances. 
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though it is only accompanied by light when the fluid is 
obstructed in its passage. 

Electrical light, when analyzed by the prism, pre- 
senU very different appearances to the solar light. 
Frauenhofer found that instead of the fixed dark hnes 
of the solar spectrum, the spectrum of an electric spark 
was crossed by very nmnerous bright lines ; and Pro- 
fessor Wheatstone has observed that the number and 
position of the hues differ with the metal from which 
the spark is taken. According to M. Biot, electrical 
light arises from the condensation of the air during the 
rapid motion of the electricity, and varies both in in- 
tensity and color with the density of the atmosphere. 
When the au* is dense, it is white and brilliant; whereas 
in rarefied air it is diffuse and of a reddish color. The 
experiments of Sir Humphry Davy, however, seem to 
be at variance with this opinion. He passed the elec- 
tric spark through a vacuum over mercury, which, 
from green, became successively sea-green, blue, and 
purple, on admitting different quantities of air. When 
the vacuum was made over a fusible alloy of tin and 
bismuth, the spark was yelk) wish and extremely pole. 
Sir Humphry thence concluded, that electrical light 
principally depends upon some properties belonging to 
the ponderable matter through which it passes, and 
that space is capable of exhibiting luminous appearances, 
though it does not contain an appreciable quantity of 
this matter. He thought it not improbable that the 
superficial particles of bodies which form vapor, when 
detached by the repulsive power of heat, might be 
equally separated by the electric forces, and produce 
luminous appearances in vacuo, by the destruction of 
their opposite electric states. Professor Wheatstone 
has been led to conclude that electrical light results 
from the volatilization and ignition of the ponderable 
matter of the conductor itself. 

Pressure is a source of electricity which M. Becquerel 
has found to be common to all bodies ; but it is necessary 
to insulate them to prevent its escape. When two sub- 
stances of any kind whatever are insulated and pressed 
together, they assume different electric states, but they 
only show contrary electricities when one of them is a 



I 



362 ELECTBIC CLOUDS. Smcsr. XXVIIi 

any one part of a cloud k tfxtreraely sniaQ. The bten- 
aitj of the flash arises from the very ffreat extern of 
surfkce occupied hy the electricity 5 so mat clouds may 
be compai'ed to eDC*rmons Ley den jana thmSy coated 
with the electric fluid, which only acquires its inteiisit]^ 
by its instantaneous cuodenaation. Th^ rapid and irreg- 
ular motions of thunder clouds are, in all probabtliiy, 
more owing to stmng electrical attractioDS and i-opul- 
»iotis among themselves than to currents *jf air, though 
bulb are no doubt concerned in these hostile mcive- 
ments. 

Sinco the mr it a non-conductor, it does not coore^ 
the electricity from the clouds to the earth, but it ac- 
quu'cs froni them an opposite electricity, and when the 
l^iisicfD h very great the force of the electricity becQuiei 
irrBaistible, and an iutHrchftnge takes place between the 
clouds and the earth ; but go rapid is the motion of light- 
iiin^» tluit it ia diificult to ascertain whan it goes from the 
clouds to the carihT or shoots upward fi-om the earth 
to the clouds, though theiie can be no doubt that it does 
both. In a storm which occurred at Miiochester, in the 
month of June, 1B36, the electric iluid was observed to 
issue frorn various points of a road, atKsnded by explo* 
siona as if pistola had been fired out of tlie ground. A 
man appears to have been killed by one of these explo- 
sions taking place under his right foot. M- Gay-Lussac 
has ascertained^ that a flash of lightning sometimes darts 
more than three miles at once in a straight Hne. 

A person may be killed by Ughtning, although the 
explosion takes place at the distance of twenty miles, 
by what is called the back stroke. Suppose that the 
two extremities of a cloud highly charged with electri- 
city hang down toward the earth : they will repel the 
electricity from the earth^s surface, if it be of the same 
kind with their own, and will attract the other kiii4 ; 
and if a discharge should suddenly take place at one 
end of the cloud, the equilibrium will instantly be re- 
stored by a flash at that point of the earth which is un- 
der the other. Though the back stroke is often suffi- 
ciently powerful to destroy life, it is never so terrible in 
its efi'ects as the direct shock, which is frequently of 
inconceivable intensity. Instances have occurred in 
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which large masses of iron and stoDO, and even many 
feet of a stone wall, have been conveyed to a 6on- 
siderable distance by a stroke of lightning. Rocks and 
the tops of mountains often bear the marks of fusion 
from its action; and occasionally vitreous tubes, de- 
scending many feet into banks of sand, mark' the path 
of the electric fluid. Some years ago. Dr. Fiedler ex- 
hibited several of these fiilgorites in London, of con- 
siderable length, which had been dug out of the sandy 
plains of Silesia and Eastern Prussia. One found at 
Paderborn was forty feet long. Their ramifications 
generally terminate in pools or springs of water below 
the sand, which are supposedly determine the course 
of the electric fluid. No doubt the soil and substrata 
must influence its direction, since it is found by experi- 
ence that places which have been struck by lightning 
are often struck again. A school-house in Lammer- 
muir. East Lothian, has been struck three different 
times. 

The atmosphere, at all times positively electric, be- 
comes intensely so on the approach of rain, snow, wind, 
hail, or sleet ; but it afterward varies, and the transi- 
tions are very rapid on the approach of a thunder-storm. 
An isolated conductor then gives out such quantities of 
sparks that it is dangerous to approach it, as was fatally 
experienced by Professor Riclmian, at Petersburg, who 
was struck dead by a globe of fire from the extremity 
of a conductor, while making experiments on atmos- 
pheric electricity. There is no instance on record of an 
electric cloud of high tension being dispelled by a con- 
ducting rod silently withdrawing the elec^c fluid ; yet 
it may mitigate the stroke, or render it harmless if it 
should come. Copper conductors afford the best pro- 
tection against lightning, especially if they expose a 
broad suriace, since the electric fluid is conveyed along 
the exterior of bodies. Conductors do not attract the 
electric fluid from the clouds ; their object is to cany- 
it off in case of a stroke, and therefore they ought to 
project very little, if at all, above the building. 

When the air is highly rarefied by heat, its coercive 
power is diminished so that the electric fluid escapes 
from the clouds, and never can be accumulated beyond 
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& certftin limits wbence those Ittnibent difluse flashes of 
light II i tig without thunder bo frequent in wann sonimer 
evenings. 

The velocity of electricity is so great, that the most 
rapid motion which can be produced liy art appears to 
be actual rest when compared with it» A wheel re- 
volving with celerity sufficient to render its spokes invis- 
ible, when illuthiuated by a Hash of lightning, is seen far 
an instant with all Us spokes tJisttnct, as if it were in a 
state of absolute repose ', because, however rapid tJie 
rotation may bt^, the light has come and already ceased 
before the wheel hns bad time to turn through a sensible 
apace- Tiiia beautiful experiment is due to Professor 
Wheatstone, as well as the following variation of it, 
which is not less striking : Since a sunbeam consists of 
a mixture of blue, yeUew, and red light, if a circular 
piece of pasteboard be divided into three sectors, one of 
which is painted blue, another yellow, and a third red+ 
it will nppoitr to be white when revolving (juickly, be- 
cause of the rapidity with which the impressions of the 
colors succeed each other on the retina. But the in- 
stant it is ilium incited by an electric spark, it seeraa to 
stand still, and each color is as distinct us if it were at 
rest. This transcendent speed of the electi-ic fluid has 
been ingeniously measured by Professor Wheatstone; 
and although his experimentja are not fur enough ad- 
A'anced to enable him to state its absolute celerity, he has 
ascertained that it much surpasses the velocity of light. 

In the horizontal diameter of a small disc fixed on the 
wall of a darkened room ere disposed six small brass 
balls, well insulated from each other. An insulated 
copper wire half a mile long is disjoined in its middle, 
and also near its t^vo extremities ; the six ends thus ob- 
tained are connected with the six balls on the disc. 
When an electric discharge is sent through the wire by 
connecting Its two extremiti*?9, one with the pf>aitive, 
and the other with the negative coating of a Leyden 
jar, three epai^ka ai-e seen on the disc, apparently at the 
same instant. At the distance of about ten feet, a small 
revolving mirror is phiced so as to reelect these three 
sparks during its revolution. From the extreme velocity 
of the eleetriciiy. it is clear, that if the three sperks bo 
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simultaneous, they will be reflected, and will vanish be- 
fore the mirror has sensibly changed its position, how- 
ever rapid its rotation may be, and they will be seen in a 
straight line. But if the three sparks be not simultane- 
ously transmitted to the disc — ^if one, for example, be later 
than the other two — ^the mirror will have time to revolve 
through an indefinitely small arc in the interval between 
the reflection of the two sparks and that of the single 
one. However, the only indication of this small motion 
€ii the mirror will be, that the single spark will not be 
reflected in the same straight line with the other two, 
but a little above or below it, for the reflection of all 
three will still be apparently simultaneous, the time in- 
tervening being much too short to be appreciated. 

Since the number of revolutions which the revoking 
mirror makes in a second are known, and the angular 
deviation of the reflection of the single spark from the 
reflection of the other two can be measured, the time 
elapsed between their consecutive reflections can be as- 
certained. And as the length of that part of the wire 
through which the electricity has passed is given, its ve- 
locity may be found. 

Since the number of pulses in a second requisite to 
produce a musical note of any pitch is known, the num- 
ber of revolutions accomplished by the mirror in a given 
time may be determined from the musical note produced 
by a tooth or peg in its axis of rotation striking against a 
card, or from the notes of a siren attached to the axis. 
It was thus that Professor Wheatstone found the mir- 
ror which he employed in his experiments to make 800 
revolutions in a second ; and as the angular velocity of 
the reflected image in a revolving mirror is double that 
of the mirror itself, an angular deviation of one degree 
in the appearance of the two sparks would indicate an 
interval of the 576,000th of a second ; the deviation of 
half a degree would, therefore, indicate more than the 
millionth of a second. The use of sound as a measure 
of velocity is a happy illustration of the connection of the 
physical sciences. 

When the atmosphere is highly charged with elec- 
tricity, it not unfrequently happens that electric light in 
the form of a star is seen on the topmast and yard-arms 
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of ships. Id 1 B31 tbe French oiTieers at Algiers werfl 
surpi'ised to see b implies of light on the heads of their 
cunirades, aud ut the jjciiiit^ of their fingers, when fhej 
held HI) their h&uds, Thia pheiiometjoii was w<iIJ kncfwn 
to the uncle iTts, who reckoued it a lucky omen. 

Many BubstGtices in decaying emit hght, which m at- 
tributed to electricity, such as fish and rotten wood. 
Oyster Bhells, and a variety of niinei-nls, become phos- 
phor eecent at certain temperaturea, wbea exposed to 
elecU'ic shocks or friction : indeed most of the causes 
which fliaturb molecular equihbriam give rise to phos- 
phoric phenomona. The rainerala posaeasstng thLs prop 
©ny are genemlly colored or imperfectly trRUspareat; 
and though the color of this hght varies in diflerent m\>- 
Htaoces, it ha^ no fixed reJatioo to tlie color of the min- 
eral* Ao inteoae heat entirely destroys this property, 
and the phosphore&cent light developed by heat hns nu 
coanectiou with light produced by friction, for Sir David 
Brewster obsojved that iwdiea deprived of the faculty of 
emitting the one are still capable of giving out ihe oUipr. 
Among the bodies which geue rally become phosphores- 
cent wlieii exposed to \umX, tlioie are some specimens 
which do not possess this property, wherefore phospho- 
rescence cannot be regarded as an essential character of 
the minerals possessing it. Sulphuret of calcium, known 
as Canton's phosphorus, and the sulphuret of barium, or 
Bologna stone, possess the phosphorescent property in 
an eminent degree, and M. Edmond Becquerel has shown 
that on these substances a very remarkable phosphores- 
cent effect is produced by the action of the different 
rays of the solar spectrum. In former times Beccaria 
stated that the violet ray was the most energetic, and 
the red ray the least so, in exciting phosphoric light. M. 
Becquerel has shown that two luminous bands separated 
by a dark one are excited by the solar spectrum on pa- 
per covered with a solution of gum-arabic and strewed 
with powdered sulphuret of calcium. One of the lu- 
minous bands occupies the space under the least refran- 
gible violet rays, and the other that beyond the lavender 
rays, so that the dark band lies on the part under the 
extreme violet and lavender- rays. When the action of 
the spectral light is continued, the whole surface beyond 
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the lefist .refrangible violet shines, the laminous bands 
already mentioned brightest, but all the space from the 
least re£i*angib]e violet to liie extreme red remains dark. 
If the surface prepared with either the sulphuret of cal- 
cium or the Bologna stone be exposed to the sun's light 
for a short time it becomes luminous all over, but when 
in this state a solar spectrum is thrown upon it, the 
whole remains luminous except the part from the least 
refrangible violet to the extreme red, on which space 
the light is extinguished ; and when the temperature of 
this surface is raised by a lamp, the bright parts become 
more luminous and the dark parts remain dark. Glass 
stained by the protoxide of copper, which transmits only 
the red and orange rays together with the chemical rays 
that accompany &em, has the same effect with the 1^ 
refrangible pai't of the spectrum ; hence there can be no 
doubt that the most refrangible and obscure rays of the 
spectrum excite phosphorescence, while all the less re- 
frangible rays of light and heat extinguish it. It appears 
from the experiments of MM. Biot and Becquerel that 
electrical disturbance produces these phosphorescent 
effects. There is thus a mysterious connection between 
the most refrangible rays and electricity, which the ex- 
periments of M. E. Becquerel confirm, showing that 
electricity is developed during chemical action by the 
violet rays, that it is very feebly devekiped by the blue 
and indigo, but that none is excited by the less refrangi- 
ble part of the spectrum. 

Paper prepared with the sulphuret of barium when 
under the solar spectrum shows only one space of max- 
imum luminous intensity, and the destroying rays are 
the same as in sulphuret of calcium. 

Thus the obscure rays beyond the extreme violet 
possess the property of producing light, while the lumi- 
nous rays have the power of extinguishing it. 

The phosphoric spectrum has inactive lines which 
coincide with those in the luminous and chemical spec- 
tra at least as far as it extends, but in order to be seen, 
the spectrum must be received for a few seconds upon 
the prepared surface through an aperture in a dark 
room, then the aperture must be closed, and the tem- 
perature of the surface raised two or three hundred 
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copper plat© belonging to the eecond pair, and transferred 

to the second zinc pJate^ with which it is connected. 

The second jilale of zinc possessing t^qual powers, aud 

acting in conformity with tho Hrst, having thus acqnired 

Q Inrger portion of electricity than its natural ahar«% 

conimimicates a larger qtiantity to the fluid in the secood 

ci3lh This increased quantity is again transferred tii 

the next pair of platoB ; and thus every succeeding hI- 

toruatioti is productive of a further increase in the 

quantity of the electricity developed, I'hJs actioa, 

however, would stop unless a vtsnt were given to tlie 

accumulated eleclTicitj% by e^iabJishing a communication 

betv^'een the positive and negutivo poles of the battery, 

by moans of wires attached to the exti'eme plate at each 

end, Wiien the wires are brought into contact, the 

Voltaic circuit is completed, the electricities meet and 

neutralize each other, producing tlie shock and other 

electTical phenomena; and then the electric curreat 

continues to How uninterruptedly in llie circuit, as long 

ag the chemical action lasts- The stream of positive 

electricity liows from the zinc to the copper. The 

construction and i>ower of the Voltaic battery has been 

much improved of late yearsT hut the most valuable 

recent improvement is the constant battery of Professor 

Daniell. In all batteries of the ordinaiy consti'uctiou, 

the power, however energetic at first, I'apidiy diminishes, 

and ultimately becomes very feebio. Professor Daniell 

found that this diminution of power is occasioned by the 

adhesion of the evolved hydrogen to the surface of tljo 

copper^ and to the precipitation of the sulphate formed 

by the action of llie acid on the zinc. Ho prevents the 

latter by interposing between the copper and the zinc, 

in the coll containing the liquid, a membrane which, 

without impedinjt:^ tlie electric current, prevents the 

transfer of the salt; and the former, by placing between 

the copper aud the membrnue solution of sulphate of 

copper, which being reduced by the hydrogen prevents 

the adhesion of tliis gas to the metallic surface. Each 

element of the battery consists of a hollow cylindei^ of 

copper, in the axis of which is placed a cylindrical rod of 

zinc ; bt^lween the zinc ant J the copper a membranous 

bftg 13 pteced, whic h divides the c elt into i 
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the inner of which k filled with dilute acid, and the one 
nearer the copper is supplied with crystals of the aul- 
|>hate of that metal. Tlio buttery comtists of several of 
these elementary celb connected together by metallic 
wireBi the ziqc rod of one with the copper cylinder of 
that next to it. The zinc rods are amalgamated, bo that 
local action, wliich in ordloaiy cases is so tiestructive of 
tiie zinc, does not take place, and no chemical action is 
mnniiested unless the circuit b« completed. The rods 
are easily detached, and others snbstitnled for tlieni 
when worn out. This battery, which possesses con- 
sidenible power, and is constant in its oRects for a very 
long period of time, is greatly superior to all former ar- 
rangoraonts, either as an instrument of research, or for 
©xiii!>iting the ordinary ^»lienomena of Voltiiic electricity. 

A battery charged with water alone, instead of acid, 
is very constant in its action, but the quantity of elec- 
tricity it devo1o|iC9 is coniijaratively very small. Mr. 
Cross of Broom tie Id in Somersetshire, has kept a bat- 
tery of this kind in full Ibrce dnrinjj t%*elve months. 
M. Bocquerel had invented an instrument for comparing 
the ioteiisities of the dilforent kinds of electricity by 
me4ins of weiglits ; but as it ts impossible to make the 
comparii*r>n with Voltaic electricity produced by the or- 
dinary batteries, on ncconnfc of the perpetual variation 
to which the intensity of the current is liable, ho has 
constructed a battei'y whicli affords a continued stream 
of electricity of iinitbnn power, but it is also of voi*y 
feeble force. The current is produced by the chemical 
combination of an acid widi an alkali, 

Metallic contact is not necessary for the production of 
Voltaic electricity, which is entirely due to chemic^ 
fiction. The intensity of the Voltaic electricity is in 
proportion to the intensity of the affioitiesi concerned in 
its production, and tho quantity produced is in propor- 
tion to the quantity of matter which has been chem- 
ically active during its evolution. Dr. Faraday considers 
this deOnite jiroduction to be one of the strongest proofs 
that the electricity ia of chemical origin. 

(lalvanic or V^dtaict like common electricity, may 
either be considered to consist of two fluids passing in 
oppoAite directkuia tlimugh the circuit, or, if the hypoth- 
bb2 
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lino, and Jastly a violet line* The spark taken from 
zinCf CAdmium, tin, bismuth^ and kad in the melted 
stttte^ ^ives similar results ; hot the number, position, 
aod color of tlie lioes vary so mucb in each, case, aod 
the appearances are so dilforent, that the metals may be 
easily distinguished from each other by tliis mod© of 
investigation* It appears* moreover, that the hght does 
not arise from the coiiibustion of the metal ; &r the 
Voltaic spark taken from mercury successively in the 
vacuum of an air-pump, in the Tonncellian vacumu, and 
in carhonic acid gas, is precisely the same as w^lien the 
experiment is performed in the air or in oxygen gas. 
Notwithstanding the difference between electric and 
»olar light, M. Arago is inclined to attribute the inlenBe 
light ancl beat of iho sun to electrical action. 

Voltaic electricity is a powerful agent in cbemical 
analysis. When transmitted through conducting fluids 
it separates theni into their constituent partii, wliich it 
conveys in an invisisibie state llu-eugh a considerable 
space or quantity of liquid to the poles, where tiiey 
come into evidence. Numerous instances might be 
giyen, hut the decomposition of watet is jierhaps the 
most simple and elegant. Suppose a glass tube filled 
with water and eorked at both end« ♦ if one of the wires 
of an active Voltaic batteiy be made to pass through 
one cork and the other through ih© other cork, into the 
water, so that the extremities of the two wires shall be 
opposite and about a quaiter of an inch asunder, chemi- 
cal action will immediately take place, and gas will con- 
tinue to rise frotn the extremities of tmth wires till the 
water has vanished. If an electric spark be then sent 
throngh the tube, the water will reappear. By arrang- 
ing the experiment so as to have the gas given out by 
each wire separately, it is found that water consists of 
two volumes of hydrogen and one of oxygen. Tiie hy- 
drogen is given out at the positive wire of the battery, 
and the oxygen at the negative. The oxides are also 
decomposed ; the oxygen appears at the positive pole» 
and the metal at the negativo. The decomposition of 
the alkaiietJ and earths by Sir Ilumphrj'' .Davy tbrraed 
a remarkable era in the history of Science. Soda, 
potass, lime, magaesin, and other mibstancea heretofore 
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Dnsidered to be simple bodies iDcnpnble of decomposi- 
jon, were resolved by electric agency into their coostit- 
Jf^ent parts, and proved to be metallic oxides, by tlmt 
iiustrious philosopher. Ai chemical changes produced 
jby the electj-ic fluid are accomplished on the siime prin- 
ciple ; and it aippeara that in general, combustible sub- 
ftances, metabi and alkalies go to tlio uo^tive wu-e, 
rhile acids and oxygen are evolved at the positive. 
The transfer of these substances to th& polea is not fho 
Bast wonderful effect of the Voltaic battery. Thoiig^h 
the t^les be at a considerable distance from on© another, 
nay, even in separate vessel?, if a coramuniciition b© 
only established by n qaaiitity of wet thread, as the do- 
cnmposition proceeds trie component parts piiss through 
the thread in an invisible state, and arrange theniBelve* 
at their respective poles. AccoixJing to Dr. Faraday, | 
electro-cheniical decomposition is simply a case of the 
pTeixjnderance of one set of chemicul iiifiniries more 
powerful in tlieir nature over anotlier setwliich are lesa 
jMiwerfuL The great efficacy of Voltaic electricity in 
chemical decomposition arises from tlio continuance of 
its action ; and its agency iijipear^ to be nnjst exerted 
on fluida and substances which, by conveying the elec- 
tricity partially and imperfectly, impede \U progress* 
But it is now proved to be as efhcacioim in the compo- 
sition as in the decomposition or analysis of bodies. 

it had been observed that when metallic solutions are 
subjected to galvanic action, a deiwsition of metal, some- 
times in the form of minute crystals, takes place on the 
negative wire. By extending this principle, and em- 
ploying a very feeble Voltaic action, M. Bectpierel has 
aucceeded in forming crystals of a great proportion of 
the mineral substances, precisely similar to those pro- 
duced by nature. The electric state of metallic veins 
makes it possible that many natural crystals may have 
taken their ibrm from the action of electricity bringing 
tineir ultimate particles, when tn solution^ within the 
nan'ow sphere of molecular attraction already mentioned 
as the great agent in the formation of solids. Both light 
and motion favor crystal ization. Crystals which form 
in diti'erent liquids are generally more abundant on the 
side of the iar exposed to the li^ht; and it is well known 
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pottiU have been ascertained in which that curve cuts 
the equator; yet Captain Dnpeny, who crossed it re- 
jKjatedly, affirms, from his own observations comlnned 
with those of M, Jnles de Bosville and of Colooe] 
Sabine, that it crosses the terrestrial equator in two 
points only, and those diametrically opposite one to the 
other, and not far from the meridian of Paris. One of 
these nodes he places in the AUantici the other in the 
Pacific ocean. He finds that the magnetic equator 
deviates but little from the terrestrial equator in that 
part of the Pad tic where there are only a few scattered 
islands {b\ that as the islands become more frequent , 
the deviatioa increases, and arrives at a maximum both 
to the uorth and south in traversing the African and ^ 
American continents ; and that the symmetry of the i 
nortlient aod southern segments of this curve is much 
greater than was imagined. 

The intensity of the magnetic force is different in dif- 
ferent parts of the earth. If a magnetic needle, freely ' 
suspended so as to move liorizon tally, and at rest in a 
magnetic meridian^ be drawn any number of degrees 
from that position, it will make a ceitaiu ournbor of os- 
cillations before it resumes its state of rest. The inten- 
sity of the magnetic force is determined from these os- j 
ciilations, in the siune manner that the intensity of the 
gravitating and electrica] Ibrces is known trom the vibra- I 
Ijona of the penduimn and the balance of torsion (f) : I 
and in all these cases it is proportional to the squares of 
the number of osciilationa performed in a given time, 
consequently a comparison of the number of vibrations 
acctmiplished by the same needle during the same time 
in dilFerent ports of the earth's surface ivill determine 
the variations in the magnetic acti[>ii. By this method 
it was discovered that the intensity of the magnetic force 
increases from the equator toward the poles ; but the 
foci of the greatest total intensity of the magnetic force 
seem neither to coincide with tho magnetic nor rotatory 
poles of the earth (d). One of these foci, according to 
Colonel Sflbine*s magnetic chart, is situate about the 47° 
south Altitude and 140'' east longitude, while another of 
less energy is in 6(J - south latitude iind 235" east longi- 
tude. The jjoinL of loatit total magnetic intensity ou tllo . 

I J 
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whole globe is by the same chart about the 25° south 
bititude and 12^ west loiigituder In the northern hem- 
isphere the foci of maxHijuiii intensity are in lat. 54° 32' 
N., long, 261' 27' E., and lat. 71"^ 20' N ., bug. 119^^ 57' E., 
accoi-ditig to M- GausB's calcuktions. The magnetic 
intensity appears to be doubled in tlie ascent from the 
eqtiator to Baffin^ s bay. 

Such are the principal plienotuena of terrestrial mag- 
netism » but it is subject to secular.^ periodica] » and tran- 
sient disturbances still imfjerfecUy known. In tbe north- 
era hemisphere, the poles, the lines of equal aod no 
variation, tbo eciuator, and in short the whole system is 
gi'aduaJly moving toward the east, so tliat the relations 
observed in Europe two centuries ago have now reached 
the limits between Europe and Asia^ while other parts 
of the system have moved gradunHy over to us from Iho 
west. In the southern hemisphere the secular motion 
of the poles and of tlie whole system is in a contrary 
direction. The cause of these secular disturbances is 
altogether unknown. 

The horizontal needle or compass at any one place is 
also subject to periodic and transient pettnrbations. 
Great disturbances occur on the same day^ or ne^irly on 
the same day^ in diflerent years, from causes unknown. 

There are also disturbances which, according to tlie 
observations of M. Kreil, in Milan » depend on die decli- 
nation of the moon and her distance from the eart^J ; 
ers of shorter diu*ation seem to be iottniately con- 

icted with the motion of the sun in regard to the mag- 
iietic meridian of tiie place of obsei'vation. In conse' 
quence of the latter, the needle in the same place is 
subject to diurnal vai'iations : in our latitudes tlie end 
^at points to tlie north moves slowly westward during 
the forenoon, and returns to its mean position about ten 
in the evening; it then deviates to the eastward and 
again returns to its mean position about ten in the 
morning. 

M. Kupfler of Casan ascertained that there h a noctur- 
Bal as well as a diurnal variation, depending in iiis opinion 
upon a variation in the magnetic equator. Mnguetic 
storms, or sudden and great but trjmsient disturbances, 
tnke pliice occasionaliy iu tho coiupasst which are per- 
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turboti. Another property of ri magnet is the attractioo 
of imniagnetized imn. Both poles of n magnet attmet 
iron, which id return attracts either pole uf the magnet 
with an equal and cootrory force. The magnetic in- 
tensity Is most powerful at the poles^ ris may easily be 
seen by dipping tlie magnet into iron filings, which will 
adhere abundantly to each pole, while scarcely any 
attnch themselves to the intermediate parts. The 
uctioii of the magnet on unmngniitizpd iron is confined 
to attmction, whereas the reciprocal agency of magnets 
ifl chfti'actorized by a repulsive' as well as an attractive 
force, for a norlJi jjole re pels* a north jmle, and a south 
repels w. aouth |X)]e. But a north and a south pole 
mutually nttmct one auother, which proves that there 
are two distinct kintia nf magnetic forceiSii directly op- 
posite in their eJTects, though simiku- in their mode of 
action* 

luductjon is the power which a nmgnet i>o&se3ses of 
exciting temporary or permanent magnetisnn in snch 
bodies in its vicinity as are capable of receiving it. By 
thifl property the more nptiroach of a nmgnet readers 
iron or steel mugnetic, the more po we dully the less the 
distance. When the north \m\B of a mtigiiet is broughl 
neiu" to, ajid in the line with, au un magnetized iron bar, 
the bar acquires all the properties of a perfect magnet; 
the end next the north pole of the njagnet becomes a 
south (x>le, while the remote end becomes a north pole. 
Exactly the reverse takes place wiiou the south po!e is 
presented Ut the bar ; ho that each pole of a magnet 
induces tlje opposite polarity in the adjacent end of the 
bar, and the same polarity in the remote extremity ; 
consequently the nearest extremity of the har is at- 
tracted, and tlio farther repelleil ; but as the action is 
greater on the adjacent than on the distant ptu^t, the 
I resulting force is tliat of attraction. By induction^ the 

^^ iron bar not only acquires polarity, but the i)ower of 
^H indncing magnetism in a third body; and although idl 
^* these properties vanish from the iron as soou as the 
r magnet is rtmioved, a lasting increase of intensity is 

generally imparted to the magnet itself by the reaction 
of the temporary magnetism of the iron. Iron acquires 
^ m^uatism more rapidly than steely yet it loses it as 
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quickly on the removal of the njagnet, whereas the 

;e«l h impres!*ed with a lasting polarity. 

A certain time is requisite for the induction of mag- 
netiam^ aDd it may tie accelerated by anything that 
excites a vibratory motion in the particles of the steel, 
Buch as the smart stroke of the hammer^ or heat suc- 
ceeded by siiddea cold. A steel bBtr may he converted 
into a magnet by the transmission of an electiic discharge 
tlirough it; and as its efficacy is the same in whatever 
direction the electricity passes, the magnetism [irises 
" om its meciianical operfition oxciting a vibration among 

le particles of steel. It has been observed that the 

tnicles of iron easily resume their neutral state after 

iduction, but that those of steel resist the restoration 
of magnetic efjuilibriura, or a return to the neuti'al state ; 
It is tkeretbre evident, that any canse which removes 
or diminishes the i-eaistance of the particles will tend to 
destroy the magnetism of the steel; consequently, the 
same mechanical means which develop magnetism will 
also destroy it. On that account a steel bar may Joso 
its magnetism by any mechanical concussion, such as by 
falling on a hanl substance^ n blow with ii hammer^ and 
heating to redness, which reduces the steel to a state of 
softnesis- The circumstances which determine whether 
it shall gain or lose^ aj-e its position with respect to the 
magnetic eL|uator, and the higher or lower intensity of 
its previoys magnetic .state, 

Fokirity of ont> kind only cannot exist in any portion 
iron or steol ; in whatever manner the inteuf;ilies of 
the two kinds of polarity may be dilFused through a mag- 
neto they oxactly balance or compensate one another. 
The northern polanty is conliued to one-half of a mag- 
net, and the southern to the other, and they are gener- 
ilJy concentmted in or near the extremities of the bar. 
When a magnet is broken across its middle, each frag- 
ment is at once con veiled into a peifect magnet; the 
part which originally had a noiili pole iicquires a Houth 
pole at the fracture tl end ; the part tiiat originally had a 
south pole gets a north pole ; and as fa^ as mechanical 
division can be carried, it is found that each fi-agmeuti 
however smallt is a pei-fect magnet, 

Aeompai-isou of the number of vibruiionsaccamtilifiheil 



LAW OF HAGSETLC INTENSlTV. 

*j the same needle, during the shihb time, at different 
listonceB frfun n. magnet, gives the law of magnetic iu- 
eiiaity» wliicU foUowa the mverae ratio of the squares of 
he distance 3,^ — a litw thnt is not eftlpcted by the inter- 
vention of any siibstance whatever between the magnet 
Lod the needle, provided that substance be not itself 
mstceptible of magnetism. Induction and the reciprocal 
iction of magnets me therefore siibject to ttie law.-* of 
mechanics ; but the composition and resolution of die 
Forces are comphcated, in consequence of four forces 
tjeing constantly in activity, two in each maj^et, H 

Mr. Were Fox» who has iMid much attention to t\m V 
branch *)f the science^ has lately discovered that the \&yt 
of the magoetic force changes from the inverse squares 
of the distances, to the simple inverse ratio » when tii© 
distance between two magnets is as small as from tho 
fourth to tlie eighth of an inch» or even as much as half 
au inch when the magnets are large- Fie found, that 
in the case of r-epulsion, the chEkiige takes place at a still 
gi'eater distance, especially when the t^vo magueta differ 
materially iu hitensity. 

There can Imrdly be a doubt but that all the phenom- 
ena of nmgnetism, like those of ejectricity, may be ex-^ 
plained ou the hypothesis of one ethereal fluid, which liifl 
condensed or redundant in the positive jxile, and deficient" 
in the negativo ; a theory that accords best with the sim- 
plicily and geneml nature of the laws of creHtioo ; never- 
theless, Baron Poissou has adopted the hypotlieais of 
two extremely rare fluids pervading all tho particles of 
iron, and incapable of leaving them. Whether the par- 
ticles of these fluids nro coincident with tiiO molecules 
of the iron, or that they only fill the interstices bem^een 
them, is unknown and immaterial. But it is certain that 
the sum of all the magnetic molecnles, added to the sum 
of all the spaces between them, whether occnpied liy 
matter or not, must bo equal to the whole volume of the 
magnetic body. When the t^'o fluids in question are 
combined they are inert, so that iho substances cotnain^ 
iug tlieui show po signs of mag;netism ; but when «jepn^[ 
rate they aro active, the molecules of each of the fluid^B 
attracting those of the opposite kind, and rej>oUing thos» 
of the same kind. The decomposiliou of the united 
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fluids 18 accomplished by the inductivo influence of either 

of the Rcpamto fluids : that is to say, n femigiiious body 

acquires polarity hy the approach of either the south or 

tiurth iM>le of the magnet. The maguotic fluids pervade 

each inolerulo of the inass of bodies, and in all prohii- 

bility the electric fluid does the same, though it appears 

to be confined to the siiifnco ; if so, a comtjerysntion umst 

take place among tho ioteroul forces. The electric 

fluid has a perpetuai tendency to escape * and does es- 

^^^pe^ when not prevented by the coercive power of the 

^^■urrmindiog air and other non-conducting bodies. Such 

^^ft, tendency dows not exist in the miignetic fluids, which 

^^Kever cpiit the Bubfttanco thnt coutniris them under any 

^^fercunistances whiitever ; nor is imy sensible quantity of 

^^Mthcr kind of |M)lority ever txansferred from one jiart tn 

^ninother of the same piece of steel. It appears that the 

lii^^o magnetic fluids, when decomposed by the in Hue nee 

ot' mngnetiziuja: forces, only undergo a dispbicement to 

' in insensible degi-ee mthin the body. The action of all 

lie purticles so displiiced U|>on a ptirticic of the maguetic 

'fluid in any particular situation, compos© n resultant 

force^ tho intensity' and direction of which itistheprov- 

nce of the analytit to determine. In this manner M, 

Poisfion haa proved that the result of the nction of all 

'the nijigneticr el e mentis of a magnetized body, m a force 

equivalent tt> the action of a very thin stratum covering 

I the whole surface of a l>ody, and consisting of the two 
liuidH — the austral and the borenl, (jccup^ing diflerent 
■tttrts of it ; iti other words^, the attractions and repul- 
Eons externally exeited by a magnet^ are exactly tlie 
pa me as if they proceeded from li very thin stratum of 
pach flnid occupying the surface only, both fluids being 
In equal quantities, and so distributed that their total 
action ujKJn all tlie pointa in the interior of the body is 
equal to nothing. Since tho resulting force is the difler- 
ence of the two polarities, it^ intensity must be greatly 
inferior to that of either. 

In addition to the forces already mentioned, there 
must be some coercive force unalogous to fricliou, whicli 
errests the piirticles of both fluids, so as first to oppose 
thek separation, and then to prevent their reunion. Jn 
[ toft iron tho coercive force is either wanting; ttt «v- 
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m iteel tibe c oc reii e teee is < 

fivmi acoDiiii^ the 
eolirefrf tnoclets it 
than wben •c h ai re d . The feefaleiMv of 
EfOTO force in imi, and its e n e r gy in steel, with 
n^vd m tiie nwgnrtic llitida n perf ectlT- nmlogciitft to 
Iba fiieOitj cf trantmiwiwi nfiivded to the eleeiric (hoA 
bf nooH^Mlnc% and the resntence it expenences id 
gi p ufaki . At mcrj irtep the uih1o£7 between nngmit' 
eleetncitj becomes more striking. The agency 
and lepnlnaii is cominoti to both ; the pos- 
oenttire eleetrlcities are similar to the northern 
rutbem polarities, and are goremed by the same 
namely, that between like powers there is repnJ- 
and between noMlie powers there is attntction. 
J^ttch of these four forces ts cafmble of acting most enf>r- 
geticaUy when alone ; but as the electric eqnihbniim is 
restored by the union of the two electric states^ and 
magDetic neutrality by the combination of the two polar- 
ItleSi they respectivply neutralize each other when 
joined- AH these forcea vary inversely a^ the squares 
of the distances, and consequently come under the same 
inechaTiJcal laws. A like analogy extends to magnetic 
nufl elf'Ctrical iiiciuctii>n. Iron and steel are in a state of 
et|uilil mum when the two'magnetic poliU'iUoH conceived 
to roHitio in them are equally ditlusf d throughout thp 
whole iiinss, bo that tliey are altogether iieutraL But 
i\m oc|uilibrium ib inunedintely disturbed on the npproHch 
of llio polo of a magnet, which by induction tmnafers 
ono kind of polaiity to one end of the iron or steel bar, 
iind the opposito knid to the other — effects exactly simi- 
Inr to electrical induction. There is even a correspond- 
ent* botwc^on llio fracture of a magnet and that of an 
tdt'ctric conductor ; for if an oblong conductor be eluc- 
trifri'd liy induclmii, its two extremities wUl have opposite 
idiii triciiiea ; and if in that state it be divided across the 
itiiiUUts ibo two portions, wiien removed to a distance 
fiHUH one anolher, will each retain llie electricity that 
hiiH biHin itiaucetl upon it. The analogy, however, does 
fifft v\fi^ii<l lo tinnsfereueiv \ ^ml^f \^\ay tvauafer a ] 
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dundant qunDtity of positivo electricily to another , or 

deprive anotlier of its electricity, the ooe gaining at tho 

spense of the other ; but there is no instance of a body 

OBseftsing only one kind of poliirity. With this excep- 

on, there is such perfect correspondence between the 

beoriea of magnetic attractions and repulsions and elec- 

ric forces in conducting bodies, tliat they not only are 

same in principle, but are determined by the same 

aulas. Experiment concurs witli theory in proving 

he identity of these tvro unseen influences. Hence if 

he electrical phenomena bo dne to a modification of the 

fethereal medium, the magnetic phenomena must be 

Lcvwing to an analogous cause, and therefore, notwitlistand- 

['fog the high authority of M. Poissou, they must also hQ 

luSibated to the rednndancy and defect of only one fluids 



With reference to the subject of this chapter I have 
received die following infomiation from Colonel Sabine, 
" ne of the best authorities in tins branch of science. 

The passage marked (A) confounds under the com- 
non term of " magnetic peje,'* two things which are 
ilike distinct in conception and different in reality. 
These are, lat — the localities on the globe where the 
beedle is vertical, or the horiscontal force ; and 2d — 
^^B localities where the magnetic forces acting on the 
surface of llie globe have a maximum intensity, around 
which tlie isodynamic lines on the surface arrange them- 
selves in curves, and in deimrting from which in eveiy 
direction (on tlie surface) the intensity of the force is 
found to decrease. 

The progress of terrestrial magnetism has been greatly 
impeded by mistakes arising from the different under- 
standings which different people bave of what is meant 
by tlie term magnetic pole. It is the more important 
to have de^r ideas and a correct knowledge of facts in 
this matter^ because the ftcts of science are not such aa 
in any respect to justify a confusion of terms ; not one 
of the localities where the intensity of the force is a 
maximum coincides with a position where the dip is 
90° ; nor does a dip of 90'^ anywhere coincide with a 
ptisition wh«re tho force is a inaximnm. 

There is in each hemisphere one bcality where the 



319 



TWO MAGNETIC POLES, 



Bwcv.XXH 



h 



dip is 90**, and two locnlities where the force forma a 
canter of greatest iotensjity around which the isodynumic 
linea ftarraoge themselves. The localities of dip 90^ are 
rather spaces than points : they are the ihrjof axes of 
small ovals on the surface of the sphere ; cotiisequently 
they are liuear rather than circular spaces. The spot 
where Captain Ross ohserved the needle so nearly ver- 
tical in 1831 marks the approximate position of that lo- 
cality at that epoch. This position is, as Mrs. Som- 
erville states, about 7(1° north, aod 97° west. The 
isodynamic centers in the same hemisphere are situ- 
ated, one in America^ the oilier in Siberia. The olh 
servations made anterior to 1837, whicii are collected 
and armnged in Colonel Su-bine's report to the British 
Association of that year, gave^ when ti-eated by M, 
Qaiis^ according to the formation of the *'Allgemeine 
Theorie," the Araeric?vn raftximum in 55^ north and 97'' 
west, and the Siberian in 71"" north and 116^ east. The 
more recent observations of Messrs. Lefroy and Locke, 
who have tmveled in America expressly for the more 
accurate determination of what appears so iinportaok a 
datum in terrestrial physics, and whose results are at 
this moment being arranged on a chart on which Colonel 
Sabine is about to trace the lines of highest intensity in 
America, show that the center of those curves is yet 
farther to the southward by some degrees (coiracvquently 
still more remov^ed from tlie position where the dip is 
90^ than was supposed in 1837, 

The liffo maxima of force are not of ©quftl strength ; 
the Siberian is somewhat the weaker of the two. The 
positions of both undergo secular change, and both in 
the same direction, viz. to the eastward. The seculai' 
cliange of the weaker or Siberian maximum is fiur more 
considerable than that of the other. The secular 
changes of the isoclinal and iaogonic curves correspond 
with those of the two systems of forces indicated by 
distinct maxioia having unequal jnovements of transla* 
tion. The higher isoclinal cun'es are oval, Imving their 
major axes in the lineof direction joining the t^vo points 
of maximum intensity. The general ariangemont in the 
south hemisjihoro is strictly analogous : but the two 
centers of force aro at this epoch separated by a less iu- 
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terval of longttud© than in the north hemisphere. Their 
respective longitudesT derived from the observations of 
the antarctic expedition wiiich Colonel Sabine has re- 
duced and published in the Phil. Trans,, are approxi- 
lately I'Mf" and 220" cast. The latitudes are not do- 

ivable from the observation* with etjiml approximation ; 

►ut they do not appear to differ much from the coiTes^ 
^ ton cling latitudes in tlie north ; i. e. the stronger about 
50^ or 53'^ south, and the weaker about 70"^ south. Her© 
also the weaker maximum has a vei-y considerable sec- 
nlar movement, amounting, as Colonel Sabine has given 
reason to boUevo in the PhU. Trans, of last year, to 
nearly 50' of longitude in 260 years : the secular change 
in the soutliern hemiaphere being to the westward^ 
while that in the northern is to the csastv^ard. 

The dip of 2(P is far removed from either of these 
localities ; its approximate position may be called about 
^3° south and 147"' east; but the isoclinal curve of 69'' 
ill doubtless be more correctly given when the Pagoda 
returns from the completion of the survey, and wlien 
the whole of ilie obseiTaiions in the southern hemis- 
phere are combined and treated according tothefQrniuli& 
of the ** AUgemeine Theorie.'* 

The object of the geographical branch of the magnetic 
observations of the Itsst few years has been to obtain 
determinations, with the improved instruments of the 
present time, in every accessible pai't of the globe, with 
a view of combining the rasnits into magnetic charts of 
the thi'oe elements drawn directly from the observations, 
and corresponding to the prosent epoch. The Magnetic 
Atlas wiU then be recomputed by the methods described 
in Gauss' ** Allgemeine Theorie." The obsei-vation part 
IB nearly accomplished. 

(a) This is by no means astabUshed ; the distribution 
of land and water appears to have considerable infiuence 
on the form of the magnetic equator, as Mrs. Somep^ 
ville states at (h). 

(c) In the balance of torsion, the intensity of electrical 
forces is not measured by oscillations, but i>y tlie torsion 
necessary to destroy the deviation produced. 

{d) Kefer to note (^1), 
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Section XXXL 

Diicjowry of ElectTO-MBgnetism— Deflection of the Mag-netx: Needle by % 
Cuntsnt of El&ctTi city —Direction, of the F«rc6— Rottttory Motion byKlflft' 
Iricity — RotalioQ of a Wire anJ b. Miigaet — Rutatiun t»f a Magtiel abciut 
its Axis— Of Mercury and Wflier— Eli^clTO-Maenetic Cylinder or Ifelii— 
Suspension of a Ne«41e in a Holii — Electro-Mjignotic Iiuluctian — Tetn- 
porary Magnets — The Galvanometer, 

TiiEdisturbing effects of the aurora bore airs and liglit- 
nin-g on the mariner's compnas bud been long koowD< 
hi tho year 1819, M. Uerst-ed, Professor of Natuml 
Philosophy at Copenhagen, discovered that a current of 
V^oltnit! electricity ext^rt^ a powerful inHuence on u mag- 
netized needle. This observation has given rise to the 
theory of electm-inagoetiijm— the moBt interesting 8<:i- 
ence of modem tiines, whether it be con5idered as lead- 
ing na a step farther in generalizfition, by ideotifyiiig 
two agencies hitherto refeiTod to diflereot causes, or as 
developiDg a new force, unparalleled in tJio system of 
tho world, which, overcoming the retai-^dation from fric- 
tion, and the obstacle of a rosii^ting mcdiuui, maintaina 
a perpetual motion, often vainly attempted, but appa- 
rently imposj^iblo to bo accomplished by meaos of any 
otlier force or combination of forces than the one in 
question. 

Whoo the tTvvo poles of a Voltaic battery are connect- 
ed by a metallic wire, so as to complete a circuit, the 
electiicity flows witliout cea.sitjg. If a straight portion 
of thutwiro be placed jMirallel to, and horizontally above, 
a magnetized needle at rest tn the magnetic meridian, 
6ut freely poi^d like the mariner^s compass, the action 
of the electric currcot flowing throngh the wire will 
/nstantly cause the needlo to change its position. Its 
extremity will deviate from the north toward the east 
or west, according to the direction in "wliich the current 
is flowing ; and on reversing the direction of the current, 
the motion of the needle wiil be reversed also. The 
numerous experiments that have been made on the 
magnetic and electric fluids, as well as those on tlie vari- 
ous relative raotions of a magnetic needle under the 
influence of gElvanic oloctricityt ui'isiug from all possible 
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positions of the conducting wire, and every dtroction of 
the VoltBic currotif, tDgether witK nil the othpr phe- 
nomena of e lee ti-o- magnetism, are explained by Dr» 

rHoget in Bomo excellent aiticlea on these subjects in the 

^idibrary of Useful Knowledge** 

All the experiment tend to prove that the force 

J'Cmnnating from the electric cm*rent, which produces 

l«uch effects on the luagnetic needle, acts at right angles 
the current, and h therefore unlike any force hith- 
erto known. The action of all the forces in nature is 
directed in straight linear as far as we know; for the 
curves (tesci-iboil by the heavenly bodiua resuit from the 
omposition of tTvo forces ; whereas that which is ex- 

"ert«d oy an electrical current upjon either ]>ole of a 
maj^etic lias no tendency to cause the pole to ap|>roach 

I or recede, but to rotate about it. If the stream of olec- 
lancity lye supposed to pjiss through the center of a circle 
iwhoao plane is perpendicular to the current, the di- 
rection of the force oxertod by the electricity will always 
be in the taugont to the circle, or at rigiit angles to its 
j^duia (N. 317), Consequently the tangential force of 
jHne electrkity has a teudency to make the polo of a 
magnet move in a circle round the wire of the battery. 
Mr. Barlow has proved that the action of each tmrticle 
of the electric fluid m the wire, on each particle of the 
inaguettc fluid in the needie, varies inversely as the 
sqneres of the distances. 

Rotatory motion was suggested by Dr. Weilaston* 
Dr, Faraday was the first who actually gucceeded in 
iTinkiiig the pole of a magnet rotate about a vertical 
conducting wire. In order to limit the action of the 
I' elcciTicity to oae pole, about two-thirds of a small mag- 
net were immersed in mcrcur)% the lower end being 
iaf^tened by a thread to the bottom of the vessel coo> 
t-ainiug the mercury. When the magnet was thus floating 
almost vertically with its north imlo above the surface, a 
current of |x>sjtive electi'icity was made to descend per- 
pendicularly through a wk'o touching the mercury, and 
immediately the magnet began to rotate from left to 
, rigliL about the wipe. The force being uniform, the 
"•otatioo w*as nccelerated till the tangential force was 
biiliiuced by the resistance of the mercury, when it bo- 
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two raelals soldered together. It is tnaly wonderfrd 
that an agents evolved by so smaU an iastrumenr, aDfl 
diffused through a large moss of bron, should communi- 
cate a force which seems so diftproportionate* Sted 
needles are reodored permanently magnetic by electrical 
tflduction ; the effect \s produced in a tnotneut^ and na 
readily by juxtapositioD m by contact; the nature of 
the poles depeuds upon the dii'ection of the curreutt 
and the intensity is proportionaJ to the quantity of elec- 
tricity* 

It appears that the principle and chanictwstic phe- 
nomena of the olecrro-magnetic science are, the evolu- 
tion of a tangential and rotatory force exerted between 
a conducting bcsdy and a magnet ; and the transverse 
induction of magnetism by the conducting body in such 
aubstanceji as are susceptible of it. 

The action of an electric current causes a deviation of 
the compass from the phme of the magnetic mt^ridian. 
In pro()oilion as the needle recedes from the meridiaui 
the intensity of the force of terresti-ial magnetism in- 
creases^ while at the earae time the electro-magnetic 
force diminishes ; the number of degrees at which the 
needle stops, showing where the erjuilibriuui between 
tliese two tbrces takes place, will indicate the jntensil 
of tlie galvanic current. The gnlvanoineter, constructs 
n|>on this principle^ is employed to measure the inten 
sily of galvanic currents collocted and conveyed to it bj) 
wires. This instrument is rendered much more senai-^ 
bl© by nentraViKing the effects of the earth's mogoetiBi^ 
on the needle^ wliich is accomplished by placing a sec^ ^ 
oud magnetized needle so na to counteract the action of 
the earth on the iirst — n jjrecaution requisite in all del- 
icate iriEignetical exjierimenta. 

Eh^clTo-magnetic induction liaa been elegantly and 
usefully cju ployed by Professor Wheatst/jue as a mov- 
ing power in a telegraphy by which inlelligence is con- 
veyed in a time quite inappreciable, since the electricity 
would make the circuit of the globe in the tenth of a 
second* 
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Skctiow XXXIL 

' BlectTO-Dyimmics — Heciprocal Action of Ekyciric CurmnUt — IdcuiHjr' uf 

Eloctro-Dynajiiic CylindJura juiJ Magiiets^ — Diffbruuijc^s beiwoeu tht- Ac- 
tion of Voltaic Elcclficity sind EleetricitytjfTwnsiQii— Effects uf a Vollaic 
Cuireat — Ampere's Theory* 

The science of eiectixi-magnetism, which must ren- 
der tbe names of M. Oersted ever memorable, rehites to 
the reciprcMial nction of electrical and magnetic currents; 
M* Ampere^ hy discovering the mntual nction of elec- 
trical cuiTenta oq one nnother, has added a new iiraach 
to the subject, to which ho hEis given the nam© of eluc- 
tro-dynamics. 

When electi'ic currents nro pasaing through two con- 
ducting wirn^T so suspended or Bupported us to be capa- 
ble of moving boCli toward and from one anotherj tliey 
show mutnal attraction or repulsion, according as the 
currents are flowing in the same or in contntry direc* 
tions ; tho phenomena varying with tlie relative inclina- 
tions and positions of the streams of electricity. The 
mutual action of such currents, whether Ihey flow in the 
same or in contrary directions, whether they be parallel, 
perpendicular^ diverginjo:, converging, circulai', or heliacal, 
all produce diflbrent kinds of motion in a contlncting 
wh-e, both rectilineal and circular^ and also the rotation 
of a wire helix, such as that described, now called nn 
electro-dynEimic cylinder, on account of Bomo ini[irovo- 
ments in its construction (N. 219). And as the hypoth- 
esis of a force vailing inversely as the squares of the 
distances accords ])erfectly with all the observed phe- 
nomenal these motions come under tho HtimB laws of 

dynamics and analysis as any other fciiiinch of physics, ^^fl 

Electro-dynamic cylinders act on each other preciaely*^^H 
as if they were magnets during the time the electricity 
is flowing through them. Ail the experiments that can 
be performed with the cylinder might bo accomplished 
with a magnet* That end of the cylinder in which the 
current of positive electricity is moving in a du'ection 
similar to the motion of tlio hands of a watch, acts as the 
south pole of a maguet, and tho other endf in which the 
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current is flowing in a contrary directioOf exhibits Dorth- 
erji polarity, 

Tli« phenomena mark a very dt?€ided difference be* 
tweeu die nction of electricity ia motion or at rest, thai; 
is^ betweuo V'oltaic and coinmoii electricity ; the laws 
they iblkiw are in uiauy respects of an entirely different 
nature, though the electiHcilies themselves are ideoticaJ. 
Since Voltaic ebctricity lltuvs porpetitully, it cannot be 
dccuraulntedf and couijequentiy has no teu&ioii, or ten- 
dency to escape from the wires which conduct it. Nor 
do tlioso wirea either attract or repel light bodies in 
their vicinitj^ Avhere^is ordinary electricity can be accu- 
inulal^ in insulated bodies to a great degree, and in 
that state of rest the teudeQcy to eacapo h pro[K>rtiofiiil 
to the quantity ftccumuluted und tlio i^eFiistance it meets 
with. In ordinary electricity, the law of action m that 
fiissjniilHr electricities aitmct, and similftr electricities 
rej>el one another. In Voltaic electricity, on tlie cou- 
trary, similar currents, or such as are moving in thfl 
same direction, attract one another, while a mutiial re- 
pulsion is exerted between dissimilar currents, or sjucb 
as flow in opposite directions. Common electi'icity 
escapes when the pressure of the ntiuoBphere i^ re- 
moved, but the electro-dtynamical effects are the same 
wiietlier the conductors be in an* or in vacuo. 

The ed'ects produced by a current of electricity de- 
pend upon the celerity of its motion through a conduct- 
Lng wu-e. Yet we ai'^e ignorant wl) ether the motion be 
uniform or varied, but the method of tmnsmisaion has a 
marked influence on the results ; for when it flows virith- 
out intorraissioii, it occasions a deviation iti the magDotic 
needle, but it has no elfect whatever when its motion ia 
discontinuous or interrupted, like the cuiTent pi*oduced 
by the connnon eicctrical machine when a communica- 
tion is made between the poaidve and negative con- 
ductors, 

M, Ampere has established a theory of electro-mag- 
netism suggested by the analogy between electro-dy- 
namic cylinders ancl magnets, founded np^m the recii> 
roctti atti-action of electric currents, to which all the phe- 
nomena of magnetism and electro-magnetism may be 
reduced, by assumiup' that tlic magnetic properties 
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which bodies possess derive these properties from i 
rents of electricity circulating about every part 
unifonn direction. Altiiough eveiy jmrticle of a magnet 
possesses like properties with the wiiole, yet the general 
effect ifl the aarae as if the magni^tic properties were 
confined to the surface. Consequently the internal elec- 
tro-curreiJts must compensate one another^ and there- 
fore the magnetism of a body is supposed to arise from 
a superficial cuiTent of electricity coastantly cu'culating 
in a direction perpeadicular to the axes of the ma^et; 
go that the reciprocal action of magnet^ aad all the phe- 
nomena of electro-raagnetism, are reduced to tbe action 
E«ad reaction of HUperliciaJ currents of electricity acting 
%l right angles to their direction. Notwithstanding the 
Bxperiment:^ mnde by M. Ampere to elucidate the sub- 
ect| tliere is still an uncertainty ia the theory of the ' 
Dduction of magnetism by an electiic cm-rent in a body 
hear it. It does not appear whether electric currents 
vhich did not previously exist are actually produced by 
nductiou, or if its eflecls bo only to give one uniform 
lirection to the infinite number of electric currents pre- 
IHously existing in the particles of the body^ and thus 
If»aderinf5 them crapuble of exhibiting mngnetic plienom' 
I^Da, in the same manner as polarization reduces those 
^undulations of light to one plane which had previously 
b€en performed in everj' pkne. Possibly both may be 
combined in producing the effect ; for tlie action of an 
electric current may not only give a common direction 
to those already exLstingt but may also increase their 
intensity. However that may be, by assuming that the 
Bttrnction and repulsion of the elementaiy portions of 
electric currents vary inversely as tlie squares of the 
distances, the action being at right angles to the dii'ec- 
tion of the current, it is found that the attraction and 
repulsion of a current of indefinite length on the ele- 
mentary portion of a parallel current at any distance 
from it, is in the simple ratio of the shortest diatanco 
I between them. Consequently the reciprocal action of 
ectric currents is reduced to the composition and res- 
ution of forces^ so that the phenomeUB of electro-mag- 
Btism are brought under the laws of dynamics by the 
heory of M. Ami>^re. 
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was nxado to revolvei rapidly, the galvntio meter Decs die 
was deflectoti aometiines as much as 90^^ and, by a UDi- 
form rotation, the deflection was constantly iiiaintained 
at 46^'* When tlie motion of tlie copper pisite was re- 
versed, tbo neodlo was dotlt'ctGd in the contrary direc- 
tion, and thus a. permaneut curj'ent of ek^clricit^*^ \v«8 
evolved by an ordinary niagiiet. The intensity of the 
electricity collected by the wires, and conveyed by tliem 
to tho galvanometer, vaiied with the positlou of the 
plate relatively to the polea of the magnet. 

The motion of the electricity in tho copper plale mny 
be conceived by con3lderin|T, that merely by moving a 
single wire like the spoke of a wheel before a magnetic 
pole, a current of electricity tenfls to floAv through it 
iitjm ntie end to the other. Hence, if a wheel be con- 
strncted of a great many such spokes » and revolved 
near the pole of a magnet in the manner of the copper 
disc, each mdiua or spoke will taod to have a current 
produced In it as it passes the pole^ Now, as tho 
circular phtte is nothing more than an inlinite number 
of ruflii or spokes in contact, the currents will flow in 
the direction of tile radii if a channel be open for their 
return, and in a continuous pkite that' channel is aflbrded 
by the lateral portions on each side of the (articular 
radius close to the magnetic pole* This hypothesis is 
confirmed by obsen'atiou, for the cniTenta of positive 
electi'iciitj^ set from the center to tlie circumference, and 
the negative frnm the circumference to the center, und 
vice versa , according to the position of the magnetic 
poles and the direction of rotation. So llmt a collecting 
wire at the center of tlie copper plate conveys positive 
electricity to the galvanometer in one case, fmd negative 
in another; that collected by a conducting wii'e in con- 
tact with the circumference of the plate is always I ho 
opposite of the electricity conveyed from the center. 
It is evident that when the plate and magnet are both 
at rest, no effect takes pkce, since the electric cuiTents 
which cause the deflection of the gidviiuo meter ceaso 
altogether. The same phenomena may be produced by 
el ecti'O- magnets. The elfects are similar when the 
magnet it>tales imd the plate remains at rest. When 
the magtiet revolves uniforndy, about its ewn uxis, elec- 
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fe»ted» a brilliant spark takes place every timR the cop- 
per point leaves the Rurfac© of tlie Tnt^rciuy. Ptatin^J 
wire is ignitod, shocks smarts enough to be disagreeablii? 
are givet^ w^^d water is decompostnl with astonishing; 
rapidity by the same means; which proves beyond (i 
tlouht the identity of the magnetic and electric mgencies, 
aud places Dr. Faraday, whose experiments established 
the prmciple^ io tlie first rank of experimental philoso- 
phers. 
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Elftctriciiy prudaced by Rntatinn— Diii&cUoQ of the Ctirreuu— Eiecinrity 
Ijiiiia the RuLdlioQi ti( a Magoet— M, Ara^u's Expenmcnt; pxplattted-^ 
Rutiititm of « Plate of tnna belween the Pules of a Mngriot—Rcblum of 
Subatmncea to MEignets of three kind*— Thermo Eltciricily. 

M- Arago discovered an entirely new source of mag- 
etism in rotatory motion. If a circular plate of capper 
e made to revolve iramediattsly above or below a mag-l 
etic neodle or magnet^ snsponded in sach a mannef 
bat the mngnet niny rotate in a plane jiarallel to that of 
be copper plate, the magnet tends to follow the circum- 
blntion of the plate ; or if the magnet revolves, the 
' ite tends to follow its motion : so poweifnl is the 
RTect, that mnguets and plates of many pounds weightj 
ftve been carried ronnd. This ls quite independent i 
be motion of the air, since it m the same when a pano^ 
■^ glass is interposed between the magnet and tlie cop-^ 
per. When tlie inftgneC and the plate are at rest, not 
the smallest eftecti attractive^ repulsive, or of any kind, 
can be perceived between them* In describing this 
phenomenon J M. Arago states thiit it takes plnce noti 
|0nly with metals » but with all substances, solids, liquids,! 
Hd even gases, althongh tJie intensity depends upon 
be kind of substance in motion. Experiments made 
Dr, Faraday explain this singular action. A plat 
["copper, tivelve inches in diameter and one-fifth of ant" 
ich thick, wns placed between the poles of a powerful 
Drseshoe magnet, and connected al certain points with 
I galvanometer by copper wires. When the plate was 
; rest no effect was pro<luced ; but a** soon ns the plat© 
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diBCOverei) that electric curreals may be produced faj 
the partial application of heat to a circuit formed of two 
solid coudiictors. For exaniple, when a semicircle of 
bismuth, joined to a semicircle of aotiraony, bo as to form 
B riug, is heated at one of tlie junctiotis by a lamp, a 
current of electricity flows through the circuit firoru ibe 
aDtimooy to the bisuiuthi and such thermo-electric cur- 
rents produce all the electro -magnetic effects. A com* 
pfkss needle placed either withio or without the circtut, 
and at a sumU dit^tauce from it, is deflected from its na- 
tural positioD, iu a direction correspondlug to the way in 
which the electricity is flowing. If such a ring be sus- 
pended 30 ajs to luove easily in any direction, it will obey 
the Oct ion of a magnet broii|^ht near it, and may even 
1>B made to revolve* According to the researches of M» 
Seebeck, the same substance, unequally heated, exhihita 
©lectrical currents ; and M. Ktibili observed, that in aU 
metals, except zinc, iron, and aatimonyT the electricity 
flows from the hot pait toward that which is cold. That 
philosopher attributes terrestrial magnetism Ig a differ* 
enc© in the action of heat on the various substances of 
which the crust of the earth is composed ; and in con- 
firmation of his views he has produced electrical currents 
by the contact of two pieces of moist clay, of which one 
was hotter than the other. 

M. Bccquerel cons tiTjc ted atlienno-electiic battery of 
one kind of met^dj by which he has determiucd the re- 
lation between the heat employed and the intensity of 
the resulting electricity. He found that in uiost metak 
the intensity of the current increases with the heat to a 
certain limiti but that this law extends much farther iu 
metais that are diflicult to fuse, and which do not rust. 
The expeiimonts of Professor Cumniing show that the 
mutiLial action of a muguet and a tliernio-eloctvic current 
is subject to the same laws as those of magjnets and gal- 
vanic currents, consequently all the pbenoinena of repul- 
aiou, attraction, and rotation maybe exhibited by a thermo- 
electric current. M. Botto, of Turin, has decomtx>sed 
water and soiuo siilutions by thermo-electricity ; and 
veivy recently the Cav. Antinori of Florence baa auc- 
ceeded in obtaining a brilliant sfmrk with the aid of nn 
electro- dynamic cod. 
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The prhiciple of tbcrino-electi'iciryhasbeofi cinplojed 
by MM. Nnbili and Melloiit for meiisitring extremely 
itiiniite quaij titles ol" heat; in their experiments on the 
iDs^aiitaueoUij transmission of radiimt caloric. The 
thernio-multiplier, which they constructed for thnt pur- 
pose, consists *>f a iiories of nlternate bars, or rather fine 
wires of bismuth Rod nntiraonyT plnced aide by sid^, and 
the extremities nltemntely soldered together. When 
heat y applied to ouo end of thin apparntus, the other 
rennitning tit its natm'al tempemUire, currents of elec- 
tricity llow thrcnigh ench pidr of bars, which nre convey t-d 
by wires to a delicate ^alvanometor^ the needle of which 
points out tiio intensity of the electncity conveyed „ and 
coDsoqiiently that of the hent eniployeti, Thi;* instru- 
ment is so delicate that the comparative warmth of dif- 
Terent insocts has been ascertained by means of it. 
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The Action of Tfirrestrtal Majfiietiinn upon Efertrir. Cwrreiits — iiulticlfoti 
of Electric Currrnii» by Terrcistnal MbfftLettHm — The Karth MBffnoijp by 
Inducition — Mr. Uurluw'H tSKperirnertt of an ArtiCii'ial Sphere — Tlio JlenC 
of the Stin the Probable Cause of EleciLrie Currents in the Cruet of the 
iS&rth ; and of lUn VBriatinnH in TcrrpRtriRl Mngntlism — KUiHrifily of 



Metallic Veijig — TeireftlTial Magrvniitiani pwerbly uwincf to tlotalion^ 
■icity — CQELnectJcnii between Light, Hoftt, nnd 



Ma^DeTic Fr<>pertiea of the Cel^atial Bodtes— IJenlitj nf the Frve Kinds 
of Electricity — CQELnecticnii between Light, Hoftt, nnd Electricity or Mag- 



In nil the experiments hitherto described, artificial 
magnets alone were used i but it is obvious that the 
magnetism of iht^ terrestrial spheroid* which has so 
powerful an induence on the niariner^s compass^ must 
also alfect electrical currents*. It consequently appears 
that a piece of copper wire bent into ii rectangle, and 
free to revolve on a vertical iixis, arranges itsolf with ita 
plane at right aiij^les to the magnetic meridian, us soon 
m a stream of electricity is sent through it. Under the 
same circuinst^inces a aimilar rectangle, suspended on a 
horizontal axis nt right angles to the magnetic meridian, 
assumes the same incliniition with the dipping needle; 
so that teiTt'strial niagiietism hns the same inftueiice on 
electrical cuiTents as an artitlciiil magnet. But the 
! matrnetic notion of the enith bNo inducer electric enr- 
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by their relBtive electrical conditrons, but that the direc- 
tion of the metuUic veins inu*it hftvo been influenced by 
the direction oF the magnetic meridians ; nod in fact 
Rlmost nil the metallic deposits in the world tend from 
east to west, or from northeast to southwest, Thoogh 
it is impossihle to sny in the present state of our knowl' 
ed^, how far tlie sun may be concerned in the phe- 
nomena of terrestrial iniignctism, it 13 prohuble that the 
secular and periodic disturbances in the magnetic force 
are occasioned bv a variety of other combining circnin- 
Htaaces. Among theso M. Biot iiiontions the vicinirj^d* 
mounlaiii chains to the place of observation* and still 
mor« the action of extensive volcanic fires, which change 
the chemical sttite of the teiTestrial surface, they them- 
aelves varying from a^e to age, some becoming extinct, 
while others buret into activity. Should the ethereHl 
medium which fills space be the J^ame witii the electric 
fluid, as M. iMossotti supposes, may not the h«nt of the 
Sim rurefy it fit the earth's equator, and thus by the in- 
equality of its distribution, and its superioi' density at 
the jH>lt3s, occiision some of the magnetic phenomena of 
the globe 1 and may not the son's motion in declination 
cftose temporaiy variations of density in the f!uid» and 
produce periodic changes in tJie magnetic oqnator and 
julensitj^ ? Were this the case, all the planets would 
be magnets Jike the earth, being precisely in similar cir- 
cumstjmces- 

It is moreover probable, that teiTestrial magnetism 
may be owing, in a certain extent, to the enrth^s rota* 
tion. Dr, Faraday has proved that all the phenomena 
of revolving plates may he produced by the inductive 
action of the earth^s niBgnetism Hlone. If n copper plate 
bo connected with a galvanometer by two copper wireg^ 
one from the center and another from the circumference, 
in order fo collect and convey the electricity, it is found 
iJiat when the pbito revolves in a plane passing through 
the lino of th^ dip, the galvanometer is not aOected. 
But as soon as the pbite is inclined to that plano^, elec* 
tricity begins to he developed by its rotation ; it becomes 
TTiore powerful as the inclination increases, and arrives 
at a maximum when the plate revolves nt right angles to 
the hne of the dip. When the revolution i*^ in the >;jiinH 
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direction with that of the hatida of n watch, the current 
pf electricity Hows from its center to the circumference ; 
"od wheQ the rotation h in the opposite divectioa, the 
HiTetit sets tlio conti'arj'^ way. '^l^he greatest deviation 
* the gaJvaiioiiieter amounted to 50"^ or fiU^i when the 
Erection ef tlie rotfitioti was accomiuodated to the oacil- 
Hans of thn needie. Thus a copper plate, revolving in 
plaoe at right angles to the line of the dip» forms a now 
'ical iuiicliiiie» dilferiiig from the coimiMn plate- 
machine, by the material of which it is composed 
plug the most perfect conductor, whereas glass ia the 
post perfect non-conductor ; besides, insulation, which 
essential in the glass machine, is fatal ia the copper 
ne. The quantity of electricity evolved hy the metal 
es not appear to ho inferior to that developed by the 
ass, though very ditferent iti intensity. 
From the oxperimonts of Dj\ Fiiraday, and also from 
beory, it is jxjssible thnt the rotation of the earth may 
iuce electric currents in its own mass. In that aLse, 
liey would flow superficially in the meridians, and li^ 
HfiDl lectors could bo applied at the equator, and poles, aft 
in the revolving plate, negative eiectricity %vould be col- 
lected at the equator, and positive at the poles ; that is 
I say, there would be a deficiency at tlie equator nnd a 
Bdundancy at the poles ; but without something equiv- 
' aJent to conductors to complete the circuity these cur^ 
rents could not exist. 

Since the motion, not only of metals but even of fluids, 
rhon under tho inflnence of |X}%veriul magnets, evolves 
'^lectricitjs it is probabie that the gulf-stream may exert 
a sensible inikieiice upon the forms of the lines of ma^;- 
netjc variation^ in consequence of electric currents mov- 
ing across it, by tlie electro-magnetic induction of the I 
earth. Even a ship, passing over tlie aortace of ihe» 
water iti northern or aonthern latitudes, ought to have 
electric currents running directly across the line of her 
motion. Dr. Faraday observes, that such is the facility 
with which electricity is evolved by the eartii's magnet- 
ism, that scarce any piece of metal can be moved in 
contact ^vith otliens without a development of it, and 
[ «onsequtuitly, among the arrangements of steam-engine«i 
nd metallic machinery, curious eleclro-niagnelic com**! 
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its compositiciiiT hy menns of magnetic nctioD ; and M. 
Borti> c»f Turin has shown tho chemicftl effects of the 
ihtMMiio-eloctrlcity iii the decompositioD of water, and 
&ome other gubstancea. The electric tmd galvanic 
shock, the flash in the eyes, and the sensation on the 
tongue, are well known. All these effects lire produced 
by niflgoeto-electncityt even to a painful degree. The 
torpedo and gymaotns electricus give severe shocks^ and 
the hmbs of a frog have been convulsed by thermo-elec- 
tricity. The last point of comparison ia the spark, 
which is common to the ordinniy \^ohaic and nmgnetrc 
fluids ; and Professor Liiinri, of Sieim, Itas very lately 
obtained both the direct and induced sparks from the 
torpedo, proving that in this respect finiinnl electricity 
does not. difter from the others- Indeed^ the conclusion 
drawn by Dr. Faraday is that the five kinds of electri- 
city are identical, and that tlie dilTerences of intenaity 
and quantity are quite sufficient to account for what 
were supiiosed to be their distinctive qualities. He has 
given still greater assurance of their identity by showing 
that the magnetic force and the chemical action of elec- 
tricity are in direct propnrrion to the absolute quantity 
of the rtuid which pa^se^ through the galvanometer, 
whatever \is intensity may be. 

Ill light, boat, and electricity, or magnetism, nature 
has exhibited principles which do not occasion any ap- 
preciable change in the weight of bodies, although their 
presence is nnmdested by ilio most remarkable mechan- 
ical and chemical action. These agencies are so con- 
nected ^ that there is reason to believe they will nJti- 
mately be referred to some one power of a higher order, 
in conformity with the general economy of the system 
of the world, where the moat varied and complicated 
eJTecta are produced by a small number of universal 
Iftws, These principles peneti-ate matter in all direc- 
tions; their velocity is prodigious, and their intensity 
varies inversely ns the squares of the distimces. The 
development of electric currents, as well by magnetic 
as electric induction, the similarity in tiieir mode of ac- 
tion in n great variety of cii'cnmstances, but above ail, 
the production of tlie epark from a magnet^ tho ignitimt 
of metallic wires, and chemical decomposition^ show that 
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magnetism can no longer be regarded as a separate in- 
d€3}endent principle. Although the evolution of light 
and heat during the passage of the electric fluid may be 
from the compression of the air, yet the development 
of electricity by heat, the influence of heat on magnetic 
bodies, and that of light on the vibration of the compass, 
show an occult connection between all these agents, 
which probably will one day be revealed. In the mean 
time it' opens a noble field of experimental research to 
philosophers of the present, perhaps of future ages. 
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Ethereal Medium — Comets — Do not ' disturb the Solar System — Their 
Orbits and Disturbances— M.Faye's Comet, probably the same with 
Lexel's — Periods of other three known — Halley's— Acceleration in the 
Mean Motions of Encke's and Biela's Comets — The Shock of a Comet — 
Disturbing Action of the Earth and Planets on Encke's and fiiela's 
Comets— Velocity of Comets— The Great Comet of 1843— Physical Con- 
stitution—Shine by borrowed Light— Estimation of their Number. 

In considering the constitution of the earth and the 
fluids which surround it, various subjects have presented 
themselves to our notice, of which some, for aught we 
know, are confined to the planet we inhabit ; some are 
common to it and to the other bodies of our system. 
But an all-pervading ether probably fills the whole visi- 
ble creation, and conveys, in the form of light, tremors 
which may have been excited in the deepest recesses 
of the universe thousands of years before we were called 
into being. The existence of such a medium, though 
at first hypothetical, is nearly proved by the undulatory 
theory of light, and rendered all but certain within a 
few years by the motion of comets, and by its action 
upon the vapors of which they are chiefly composed. 
It has often been imagined, that, in addition to the ef- 
fects of heat and electricity, the tails of comets have 
infused new substances into our atmosphere. Possibly 
the earth may attract some of that nebulous matter, 
since tlie vapors raised by the sun*s heat, when the 
comets are in perihelio, and which form their tails, are 
scattered through space in their passage to their aphe- 
lion ; but it has hitherto produced no efifect, nor have 
22 Ff 
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the Bea^ns ever been infiueDced by tliese bodies. The 
light of tbo comtjt of this ycsmr 181 1» which was so bril- 
liant, did not imfiart any heat even when coDtlensed on 
the bnlb of a thermometer, of a istructure so dalicftt© 
that it would iinvo iniide the hundredth part of a degree 
evident. In nil probnbility, lii*j tails of comets may bave 
passed over the earth without its inhabitants beiDg cou- 
scious of their presence ; and there is reason to believe 
that the tail of tbe great comet of 1 84 3 did so. 

The passage of comets lias never sensibly disturbed 
the stabihty of the sokr system^ tlioir nuclens, heingio 
general only n mass of vapor, is bo rjtre, and tlieir transit 
so rapid, ihftt the time \m& not been long enough to ad- 
mit of a sulTicieiit accumulation of impetus to produce a 
perceptible action. Indeed M. I>usejour has proveii 
that under tbe most favorable circumstances, a comet 
CBunot remain longer than two hours and a Imlf atalrss 
distance from the earth than 10,500 lengues. The 
comet of 1770 paijsod within abont mx times the distance 
of the moon from the earth, without even nfiecting our 
tides. Accordiug to La Place, the action of the eartti 
on the coniM of 1770 augmented the period of its revolo- 
tionbymore thun two days; and if comets hafl any j>er- 
ceptsble distnrbing energy, the reaction of the comet 
ought to have increased the length of our year. Had 
the mass of that comet been equal to the mass of ilie 
earth, its disturbing action would bnve increased the 
length of the sidereal year by 2^^ 53"'; bnt as Delambre's 
compntations from the Greenwich observations of tbu 
ami show that the length of the year has not b^en in- 
creased by tlie fmction of a second, its mass conld not 
have been equal to the ju^iT^th part of that of the enrlh. 
This accounts tor llio same comet having twice swept 
through tlie system of Jupiter's entellites without de- 
ranging the motion of these moons. M. Dnsejonr has 
computed that a comet, ecpial in mass to the eartli, pass- 
ing at the distance of 15,1.^0 leagues from our planet, 
would increase the length of the y(^ar to 307'^ l(i*'^"\ and 
the idilitjnity of the ecliptic as much as 2^, So tbe 
principal action of comets would be to alter the calenilar, 
even if they were dense enough to alTect the earth. 
Comets tmversu all parts of the heiivens ; their paths 
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have every possible indinatioo to the plane of tli© eclip- 
Jic, and, unlike the jjlnnef.s, the motion of more than 
lall* of those that liave appeared has been retrogrado, 
that i** from east to weat. They are only visible when 
near their periheliii; then their velocity is such, that its 
#quare i3 Iwice as ^reat as that of a l>otly moving in a 
' ii'cle at the samo (Jistjiiico ; they consecjuently remain 
^ut a very short time within the planetary orbits. And 
all the conic sections of the sauie focal distance sen- 
ibly coincide, through a small arc, on each side of the 
tromity of their nxis^ it is difficult to ascertain in which 
these curves the comets move, trom ohservatioDS 
Lflde, as tliey necessarily most be, at theh* perihelia. 
[K. 220). Probably they all move in extremely eccen- 
ic oUipsea; altliouf^h in ni(jst cases the panibolic curvo 
incidea most nearly with their observed motions, 
ome few seem to describe hypei'bolas; such, being once 
isible to us, would vanish forever, to wander throngh 
)oun[!Ie<3 sjwtee, to the remote systems of the universe. 
f a planet be supposed to revolve in a circular orbit, tho 
radius of which is equal to the perihelion distance of a 
comet jnoving in a pambolii, the areris described by thes© 
two bodio:=s in the sauie time will he as unity to tho 
square root of two, which forms such a connection be- 
twoen the motion of comets and planets, that by Kep- 
ler's liiw, the ratio of the ureas dej^cribed during the 
same time by the comet and tho earth may be found. 
So that the [>lace of a comet may bo com puled at any 
time in its parabolic orbit, estimated from the instant of 
passage at the perihelion. It is a problem of very 
lat difficulty to determine all the other elements of 
holic motion^namely, the comet^s perihelion dis- 
ice, or shortest distance from the sun, estimated in 
hs of the mean distance of tho earth from the sun; 
e longitude of tho perihelion ; the inclination of tho 
►it on the plane of the ecliptic; and the longitude of 
le ascend iug node. Three observed longitudes and 
litudes of a comet are sufficient for computing the np- 
'oximate values of these quantities; but an accurate 
%8timation of them can only be obtained by successive 
corrections, from a number of observattouH, distant from 
ini« ftuuther. When fclie motion of a comet is retrograde, 
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tltn pince of the a^ceDding node ia exoctty opposite to 
what it IS when the motion is tiirert. Hence the place 
of tho nsconrliiig iiode» together with the direction oflh© 
comet's motion, show wheiher the mdinntion of the 
orbit is on the north or south side of thr piano of the 
ecliptic. If the motion be direct ihe inchnation is oa 
the north side ; if retrograde ^ it is on the stitith side. 

The identity of the elcinentj^ is the only proof of the 
return of a comet to onr system. Shonld the elemeot* 
of a new comet be the same, or nearly the same, with 
those of any one previously known, tlie piT>bability of 
the identity of the two hodies Is veiy ^le^i^^i smco the 
similarity extends to no less than fonr elements, every 
one of which is cajiable of an hifmity of variations. But 
even if the orbit be determined with all thc^ uccui-acy tb© 
case admits of, it may bo diflicnlt, or even impossible^ 
to recognize a comet oa its return, because its orbit 
would be very much changed if it passed near any of 
the large planets of this or of any other system, in coo- 
gequence of their distiu'bing energy, which would bo 
very great on bodies of so mre a nature. 

By far the most carious and interesting instance <jf 
the disturbing nction of the great bodies of our system 
IS found in the comet of 1770. The olemente of its or* 
bit, determined by Messier, did not agree with those of 
acy comet that had hitheito been computed^ yet Lexel 
ascertained that it described an ellipse about the sun, 
whose major axis was. only equal to three times the 
length of the diameter of the terrestrial orbit, and con- 
aequeutly thnt it must return to the sim at intervals of 
five years and a half. This result was confirmed by 
numerous obsei-vatious, as the comet was visible througli 
an arc of 170'^ ; yet this comet had never been observed 
before the yeur 1770, nor has it ever again been seen 
till 1843, though very brilliant. The disturbing action 
of the larger plan eta affords a solution of thia anomaly, 
as Lexel ascertained that in 1767 the comet must hnv© 
passed Jupiter at a distance less than the fifty-eighth 
part of its distance from the sun, and that in 1779 il 
would be 500 times nearer Jupiter than the sun ; conse- 
(|uently the action of the sun on the comet would not be 
ihe Mieth part of what \t %vo\ild ©lypemnce from Jupi- 
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(ter, so that Jupiter became the primum mobile. As- 
Bumtug the orbit to be such as Lexel had determined ia 
1770, La Fbice found that the ft<;tiow of Jtipiler, previ- 
DUS to the yeai' 1770, hud so €t>mpletely ch ringed the 
fbrm of iL, that thts comet which had been invisible to ua 
before 1770, was then brought mto v)ew» und that the 
action of tliie sauiu planet pixxJncing a conrrajy effect, 
I subsequently to that year removed it fiotn imr sight, 
Qce it wa» computed to be revolving in an orbit whoisft 
erihelion wa^ beyond the orbit of Ceres. However, 
be action tif Jupiter during the summer of 1B40 luuat 
Bve been ^o great, from his proximity to that singular 
dy, that he seems to have brought it back to it5 former 
ttth, as he had done ia 1767, ibr the elements of the 
rbit of a comet whitdi was discovered in November, 
J643, by 31. Faye, agree so nearly with those of the 
rbit of Lexers comet as to leave scarcely a doubt of 
heir identity. From the smallness of the eccentricityi 
the orhir resembles those of the planets, but this comet 
is liable to greater perturbatious than any other body in 
the system, becaase it comes very near the orbit of 
Mius when in perihelion, and very near that of Jupiter 
^ben in aphelion ; besides, it passes within a com para* 
yely small distance of the orbits of the iiiinor planets, 
^and as it w^ill continue to cross the orbit of .hipiter at 
each revolution till the two bodies meet, its periodic 
timet now about seven years* will again be change d^ but 
tlio mean time it ought to return to its perihelion in 
he year 1851. This comet might have been seen from 
lie earth in 1776, had its light not been eclipsed by that 
" the sun. It is quite possible that comets fretjuenting 
ffiur system may be turned a\\Tiy, or others brought to 
lie sun, by the attraction of planets revolviag beyond 
orbit of Uraims, or by bodies stUl further removed 
om the solar in/luence. 
[1 Other tliree comets, liable to less disturbance, return 
the sun at stated intervals, Hal ley computed the 
^ einents of the orbit of a ctmiet tJnit appeared in the 
jfear ltj82, which agreed so nearly with those of the 
emets of 1607 and 1531, that he concluded it to be tha 
ftme body returning to the sun at intervals of about 
l>veuty-live years. He consequently |iredicte<l it-s i^e-^ 
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nppearanrft in tlio yenr 1758v or in the beginning of 
17.39. Scienco was not sufficiently advanced in the tmie 
of Hftlley, to enflbte hi*Ti Ui deterniine the porturLratjons 
this comet might experience; but Clairaut computed, 
that in consequence of the nfrraction of Jupiter atid 
Saturn, its periodic time would be so much shorter than 
diiriiig its revolution between lf>07 and 1682, that it 
would pass its perihebou on the 18th of ApriJ^ 1759* 
The cotoet did arrive at that point of Its orbit on the lltli 
of MarchT which wan thirty-seven dwys before the time 
nssigned, Cklraut stibsequcntly reduced the eiTor to 
twenty -three dn^^a ; and La Place lins since shown thit 
it would only have been thirteen days if the nmsi of 
Saturn had been as well known hb it is now. It appear 
from this, that the pal:h of the eouiet was not quite known 
at Ihat period ; and altliough many obiU^rvarions w^re 
then tnadts, they were far froiu attaining the acfiuracy of 
those of the present day* Be.sides, iinc^ the year 1759 
the orbit of the comet has been altered by the attntctjon 
of Jupiter in one direction^ and that of the earth, Sfitunj, 
and Uranus, in the otber ; yet, uotwithstaTiding these 
sources of uncertainty, and our ignorance of all the pou- 
flible caufl«a of derangement from unknown bodies on 
the confiaeep of our system, or in tiie regions beyond it, 
the comet huM appeared exactly at the time, and not far 
from the place, assigned to it by asti-onomars ; and its 
actual arrival at its perihelion a little before noon on tbe 
16th of November, 1835| only diderod from the com- 
puted timB by a very few day a. 

The fulfilment of this astronomical prBdictiou is truly 
wonderful if t£ be considered tliat the comet is seen only 
for a few week.*^, during its passage through our systeiOt 
and that it wanders from the sun tor seventy-five years 
to twice tho distanci? of Umnus. This enormous orbit 
ia four times longer thau it is broad ; its b?ngth is about 
34t*() millions of miles, or about thirly- six times tbe mean 
disto-nce of the earth from the sun. At its perihelion 
the comet comes within nearly (ifty-soreu millions of 
miles of the sun, and iit its aphebon it m sixty timea 
tuore dista!it. t>n account of this extensive range it 
mujit uxperience 'Mii)0 ttnios more bght and heaf whtm 
Retreat to the suu than in the most remoto point of its 
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|irbit. In thti one position the sud wUl seem to be four 

fiines larger than !ir appears To us, aod at the other ho 

rtU not be apparently larger than a star {N. '221), 

On the first appoantnce of Halley's comet, early in 

lAttgust, 1835, ft seemed to be merely a globular niRsa of 

vAim vapor, without a tail, A concentmtion of lights a 

little on one side of the center, increased as the comet 

approached the sun and earth, and latterly looked so 

Kke the disc of a small planet, that it might have been 

imistaken for a fiolid nucleus. M* Struve, however, saw 

i centml tjcenltation of a star of tlie ninth magnitude by 

^the comet, at Dorpat, on the 29th of Septembor, Tlie 

r star remained constantly visible, without any cousidcra- 

[ ble diminution of light ; and instead of being echpsed, 

the nucleus of the comet disappeared at the moment of 

I conjunction from the brilliancy of the star- The tail 

•increased as the comet iipproached its perihelion, and 

■shortly before it was lost in the sun's rays, it was between 

Ithirty and forty degrees in length. 

According to the observations of M. Valz, of Nismes, 
he nebulosity incremsed in magnitude as it approitched 
be sun ; but no other comet on record hag exhibited 
{ffQch sudden and unaccountable changes of aspect. The 
nucleus, clear and welt defined, like the disc of a planett 
Fwas observed on one occaBJon to become obscure and en- 
Tiarged in the course of a few hours. But by far tl*e 
I Uiost remarkable circumstance was the sudden appear^ 
ance of certain luminous brushes or sectors, diverging 
from the center of the nucleus through the nebulosity* 
|M. Struve describes the nucleus of the comet, in the 
Fheginning of October, as ellipticai, and like a burning 
cottl, out of which tbere issued, in fi direction nearly op- 
posite to the tail, a divergent flame, vai-ying in inlenaity, 
^Ibrm, and direction, appearing occasionally even double, 
and suggesting the idea of luminous gas bursting from 
the nucleus. On one occasion M. Arago saw three of 
these divergent flames on the side opposite the tail, rising 
through the nebulosity, which they greatly exceeded in 
[brilliancy : after the comet had passed its perihelion, it 
I leijuired another of these luminous fans, which was ob- 
Iflei'ved by Sir John Herschelat the Cape of Good Hope, 
[Hoveliua describes an appearance precisely similar, 
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which he bad witnessed iti th\^ comet at ita approach to 
tlie Sim iu the yenr 166^2^ uiid somethiDg of the kind 
seems to have been noticed in the comyt of 1744. Poi- 
sibly the second tail of the comet of 1724, which was 
directed toward the sud, may liave bee a of this nature* 

T)ie infiuonco of the ether eid medium on the motions 
of Halley's comet, will be known after another njTolu- 
tioo, und fiiture astronomers will learn, by the accomcj 
of its returns, whether it has ruet with auy uokaown 
CftUiiO of disturbance iu ita distant journey. Undiscovered 
planets, beyond the visible boundary of our system, may 
change its path and the perio<l of its revolution, andtlius 
may indhectly revenl to us tlieir existence, and even 
their physical nature and orbit. The secrets of the yet 
more distant heavens niiiy he disclosed to future generH- 
tions by comets which penetnite still fm-ther into space, 
such as that of 1763, which, if any faith may be placed 
in the coinputalion, goes neip^ly forty-three times farther 
from tho sun than Halley's does, and shows that the 
sun's attTBCtion is powerful enough, at tlie enormouB 
distance of 15,500 millions of miles, to recall the comet 
to its perihelion. The periods of some comets are said 
to be of many thousand years, and even ihe average tiini^ 
of the revolution of comets generally is ahont a thousand 
years ; which proves that the sun's gravitating fiiroe ex- 
tends very far. La Place estimates that the solar at- 
traction is felt throughout a sphere whose radius is a 
hundred millions of times gi-eater than the distance of 
the earth from the sun. 

Authentic records of Halley's comet do not extend be- 
yond the year 145G, yet it may be traced, w^ith some 
degree of probability, even to a period preceding the 
Christian era. But as the evidence only rests upon 
coincidences of its periodic time, which may vaiy as 
much as eighteen niontha from the disturbing action of 
the planet**, its identity with comets of such remote 
times mast be regarded as extremely doubtful. 

This is the first comet whose periodicity has been 
established. It is tiho the first whose elements have 
been determined fi-om observations made in Europe ; for 
ftUhough the comets which appeared in the yeai*s 240, 
539, 5C5, and t^'i7, are the most ancient of those whose 
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orbits have been traced, their elements were computed 
from Chinese observations. 

Besides Halley's and LexePs comets, two others are 
now proved to form pait of our system ; that is to say, 
they return to the sun at intervals, one of three years, 
and the other of 61 years nearly. The first, generally 
called Encke's comet, or the comet of the short period, 
was first seen by MM. Messier and Mechain, in 1786, 
again by Miss Herschel in 1805, and its returns, in the 
years 1805 and 1819, were observed by other astrono- 
mers, under the impression that all four were difi:erent 
bodies. However, Professor Encke not only proved 
dieir identity, but determined the circumstances of the 
oomet's motion. Its reappearance in the years 1825, 
1828, and 1832, accorded with the orbit assigned by M. 
Encke, who thus established the length of its period to 
be 1204 days, nearly. This comet is very small, of 
feeble light, and invisible to the naked eye, except 
under veiy favorable circumstances, and in particular 
positions. It has no tail, it revolves in an ellipse of 
great eccentricity inclined at an angle of 13° 22' to the 
plane of the ecliptic, and is subject to considerable per- 
turbations from the attraction of the planets, which 
occasion variations in its periodic time. Among the 
many perturbations to which the planets are hable, 
dieir mean motions, and therefore the major axes of 
Iheir orbits, experience no change ; while on the con- 
trary, the mean motion of the moon is accelerated from 
age to age — a circumstance at first attributed to the re- 
sistance of an ethereal medium pervading space, but 
subsequently proved to arise from the secular diminution 
of the eccentricity of the terrestrial orbit. Although 
the resistance of such a medium has not hitherto been 
perceived in the motions of such dense bodies as the 
planets and satellites, its effects on the revolutions of 
the two small periodic comets hardly leave a doubt of 
its existence. From the numerous observations that 
have been made on each return of the comet of the 
short period, the elements have been computed with 
great accuracy on the hypothesis of its moving in vacuo. 
Its perturbations occasioned by the disturbmg action of 
the pkinets have been determined ; and after everything 
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that could inHciPnce Its raotloa had beeo duly consider®dt 
M* E nek 13 found tliHt an HccGlemtmti of about two days 
in eadi revolution has taken place in its Dieiin moti«}ii, 
precisely simdar to tlml which would be occasioned by 
the resistance of an ethereal medluoi. And as it cario0t 
be attrihuted to a cause like that which produces the 
acceleration of the moout it must be concludod that the 
celestial bodies do not perform their evolutions in an 
absolute void, and that although the medium be too rare 
to have a sensible effect on the masses of tlio plaoeta 
and satellites, it nevertheloBs has a cousidondile ioik- 
ence on so mro a body as a comet. Contradtctoiy hh it 
may seeui, that the raotiou of a body should be accele- 
rated by the roslstaoco of an ethereal mediuTii, tbo 
truth becomes evident if it be considered that both 
planets and comets are retained in their orbits by two 
forces which exactly balance one an other ; namely, the 
centrifugal force producing the velocity m the tangent, 
and the attmction of tlie gravitating force directed to 
the center of the sun. If one of these forces bo dimlti- 
ished by any cause» the other will be proportionally 
increased. Now, the necessaiT' effect of n resisting 
medium is to diminish tho tangential velocity, so that 
the btilance is destroyed, gravity pro pond orates, the 
body descends toward tiie sun till equilibrium is again 
restored between the two forces ; and as it then de- 
scribes a smaller oitiit it moves with increased velocity. 
Thus, the resistance of nn ethereal medium nctually 
accelei'ates tho motion of a body ; but as the resisting 
force is confined to the plane of the orbits it lias no in- 
fluence w^atover on the inclination of the orbit, or on 
the place of the nodes. In computing its eflTecti M» 
Encke assumed tho increase to be inversely us the 
squares of the distances^ and that its resistance acts as a 
tangential force proportional to the squares of the 
comof s actual Vidueity in each point of its oi-bit. The 
other comet belonging to our system ^ which returns to 
its perihelion at\:er a periot! of 6| years, has been ac- 
celerated in its motion by a whole day during its lost 
revolution, which puts the existence of elher nearly 
bovond a doubt, and forms a strong presumjjtion in cor- 
rworfitiou of tho undulatory tlioory of U^ht. Since this 
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eomet, which revolves tiearly between the orbits of tlie 
earth and Jupiter^ is only accelerated on© day at each 
revolution^ whilo Encke^s, revoking nearly between the 
arbits of Mercury and Pallaa, ia accelerated two^ the 
ethereal medium must incruasc hi densVty toward the 
sun. The comet in question was discovered by M* 
Bieltt at Johannisberg on the *27th of February', 1826^ 
and ton days afterward it was seen by M. Gambart at 
Marseilles, who computed iti* purabolic eiements, and 
found that they agreed with those of the comets which 
had appeared in the ytjars 17B9 and 1795, whence he 
concluded them to be the same body moving in an 
ellipse, and accomplishing itsi revolution in 24(10 days. 
The perturbations of this comet were computed by M. 
Damoiseau, who predicted that it would cross the plane 
of the eeli()tic on the 29th of October, 1832, a little 
before midnight, at a point nearly 18,484 miles within 
the earth's orbit ; and im M« Olbers of Bremen, in 1805, 
had determined the radius of the comet's head to be 
about SIJ.'JG milesi it was evident that ita nebulosity 
would envelop a portion ot" the enrtli*s orbit, a circum- 
stance which caused i?ome alarm in France, from the 
notion that if any disturbing cause had delayed the 
arrival of the couiet for one niontli, the eaith must hnvo 
passed througli its head, M, Arago dispelled these 
fears by his excellent trealise on comets in the An- 
nunire of 1832, where he pi*oveft, tlint m the earth 
would never be nearer the comet than 18,000,000 
British loagues, there could be no danger of collision. 
The earth ia in more danger from these two small 
comets than from any other. Encke*3 crosses the ter- 
restrial orbit sixty timoa in n century, and may ulti- 
mately come into collision; hut both are so extremely 
rare, that little injury is to be nppieh ended. 

The earth would full to the sun in 641 days, if it 
were struck by a comet with aufficient initJOtus to de- 
stroy its centrifugal force. What the earth's primitive 
velocity may have been, it is impossible to say* There^ 
fore a comet may have given it a ^hoek without changing 
the axis of rotation, but only dtistmying part of its tan- 
gential velocity, so as to diminibiii the size of the orbit — a 
liiug by no means impossible, thopgh highly imim)kdjle. 
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Indeed, camet* in genenil are sfiibject to sudden iind 
violent coM«iiUioiis ia their interior, even when far from 
the sun, which produce clianges that are visible lit eiior- 
mouij distances^ and baflle all atteroprs at e^pianatioii,— 
prnlmblj arisijig from electricity, or even cansef; with 
which we are imacquuinted. The envelops !*unoUDditig 
the nucleus af the com el on the side next to the sud^ 
diverge on tbe opposite side, where they are proloDged 
into the turra of a hollow cone, wiiich is tlie tail. Two 
repulsive forces seem to be conceiTied in producing 
this effect; one from the comet and another from tbd 
Bun, the latter being the most powerful. The envelops 
are nearer the ceriter of the comet on the side next to 
the sun, where these forces are opposed to one an- 
otlier; but on tlje other side ilie forces conspire to 
form I he tail, conveying the nebulous particles to enor- 
mous di^runces. 

The luternl edges of the tail reflect more light thftn 
the ceiitrul part, because the line of vision ptisses throngb 
a )|i;reatcr depth of nebulous matter, wliich produces ih© 
effect of (Avo streams somewhat, like the luironi. Stars 
shine with undimiiuinhod lustre through the central part 
of the tail, because their luya traverise it perpendicularly 
to ita thickness ; but thou^^h disttiicrly seen through its 
edgest their light is weakened by its oblique transmts- 
siou. The tJiil of the ^^reat coujei of IHll was of won- 
derful jmiuity; stars which would have been entirely 
conceiiiled by the slightest fog. were seen lluough b4,O00 
leagues of nebulous matter without the smallest refrac- 
tion. Pussibly some part of the ^^hanges in the appear- 
ance of the tfiil.s arises from rotation. Severfil eometft 
have bceti observed to rotate about an axis (Missing 
througii the center of the tail. That of ie'25 performed 
its rotattoQ in ^0^ liours, and the rajiid changes in the 
luminous sectorij which issued fiom the nucleus of Hid- 
ley'a conietT in all probability were owing to rotatory 
motion. 

The two streams of light which form the edges of tho 
taili in mast cases unite at n greater or less disLiuce irom 
the nucleus, ond are geueriilly situate iu the plane of 
the orbit. Tfio tails follow comets in their descent 
toward the sun, but precede them in their return, with 
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Every twenty-third year, or after seven revolutions of 
Encke's comet, its greatest proximity to Jupiter takes 
place, and at that time his attraction increases the pe- 
riod of its revolution by nine days — a circumstance 
which took place in the end of the years 1820 and 1843. 
Bat from the position of the bodies there is a diminution 
of three days in the six following revolutions, which 
reduces the increase to six days in seven revolutions. 
Thus before the year 1819, the periodic time of Encke*8 
comet was 1204 days, and it was 1219 days in accom- 
pfishing its last revolution, which terminated in 1845. 
By this progressive increase the orbit of the comet will 
reach that of Jupiter in seven or eight centuries, and 
then by the very near approach of the two bodies it will 
be completely changed. 

At present the earth and Mercury have the most 
powerful influence on the motions of Encke^s and Biela's 
comets ; and have had for so long a time that, according 
to the computation of Mr. Airy, the present orbit of the 
latter was formed by the attraction of the earth, and 
that of Encke's by the action of Mercury. With re- 
gard to the latter comet, that event must have taken 
place in February, 1776. In 1786 Encke's comet had 
Doth a tail and a nucleus, now it has neither ; a singular 
instance of the possibility of their disappearance. 

Comets in or near their perihelion move with pro- 
digious velocity. That of 1680 appears to have gone 
htdf round the sun in ten hours and a half, moving at 
the rate of 880,000 miles an hour. If its enormous 
centrifugal force had ceased when passing its perihe- 
lion, it would have fallen to the sun in about three 
minutes, as it was then less than 147,000 miles from his 
Burikce. So near the sun, it would be exposed to a heat 
27,500 times greater than that received by the earth ; 
and as the sun's heat is supposed to be in proportion to 
the intensity of his light, it is probable that a degree of 
heat so intense would be sufficient to convert into vapor 
every terrestrial substance with which we are acquainted. 
At the perihelion distance the sun's diameter would be 
seen from the comet under an angle of 73°, so that the 
snn, viewed from the comet, would nearly cover the 
whole extent of the heavens fix)m the horizon to tho 
Gg 
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zeoith. As tilts comet is presumed to have a period of 
575 yeai^s, the major axis of its orbit iimst be so greats 
that lit the aphelion the sun's diameter would only sub- 
If nd an angle of about fourteen seconds, which is not 
so groat by half as the diameter of Mars Bppeara to us 
wheu in opiJosition. The sun would consetjuently im- 
part no heat, so that the comet would then he exposed 
to the temperature of tlie ethereal regions, which is 58^ 
below the zero point of Fahrenheit A body of such 
tenuity as the comet, moving with such velocity, mu«t 
Imvo niet with great resisUnce from the deose atmos- 
phere of the sun, w^hile passing so near his surface at 
its perihelion. The centrifugal force must consequently 
have been diminished, and the sun's attrQcti*?n propor- 
tionally augmented, so that it must have come nearer to 
tlie sun in 1660 thnu in lis preceding revolution, and 
would subsequently describe a smnller orbit. As this 
diminution of its orbit will be repeatt-'d at tnich revolu- 
tion, the comet will infallibly end by falling on the sur- 
face of the 9un, unless its cour^^e bo changed by the dis- 
turbing influence of some largo body in the unknown 
expanse of creation. Our ignorance of the actual den- 
sity of the sun^s atmosphere, of the density of the 
cornet, and of the period of its revolution, renders it 
impossible to form any idea of the number of centuries 
which must elapse before this event takes place. 

The same cause may atfect the motions of the planets, 
and uhimately be the means of destioying the soliir sys- 
tem. But, as Sir John iierschel observes, they could 
hardly tdl revolve in the same direction round the sun 
for so many ages without impressing a cori-e spending 
motion on tlie etherefd fluid, whicli rnny preserve them 
from the nccumulated effects of its resistance. Should 
this materinl fluid revolve about the sun like a vortex* it 
will accelerate the revolutions of such comets as have 
direct motions, and rotanl those that hove retrograde 
motions. 

The comet wViich appeared unexpectedly in the be- 
ginning of tiio year ]843, wns oua of the most splendid 
that ever visited the solar system. It w»is in the con- 
stellation of Aniinou.s in the end of .lamnny, ut a du- 
iaacG of U^ millious of mile^ from the eailh, ond it 
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through its porihelion on the 27th of Febiijary, 
when it WHS lost in fhe suii*8 rays ; but it begun to b« 
visible about tlie 3d of March, at which time it was near 
the star lota Cpt<CT iwd its tiiil extended toward the 
Hare. The brightuess of the comet and tho loiigth of 
its tad cotithiued tcj increase till the latter stiotchSd far 
hejond the constellation of the Hare toward a point 
above Sirius, Stars were distinctly seea through it, 
mid when near perihelion the comet was so bright that 
it was seen in clear sunshine in the United States 
like a wdiite cloud. The motion was retr-o^ade, and 
on leaving the solar system it rctroitted so rapidly at 
once from the aun and enrth that it w^as soon lost sight 
of for want of light. On the list of April it wag between 

i snti and the earth, and only 40 millions of mdea from 
^^ f latter; and as it a tail was at least 60 millions of 
nillas long, an^l 20 millions of miles broad, we probably 
pttBfled through it without being aware of it. There is 
aome discrepancy in the different computations of tlie 
elements of the orbit, but in tlio grcaNn- number of 
cases the periln^lioa di.stance was found tfi be less thou 
the semidiiimeter of the sun, so tliat the comet must 
have grazed his surlkce, if it did not actually impmge 
obliquely on him. 

The perihelion distimce of this comet differs little 
from that of the great comet of Ififiy, whicli cmno m 
neai' the sun. The motion of both was retrograde, and 
a certain resemblance in tlie two orbits nmkes it proba- 
ble that they are the same body performing a revolution 
in 175 years. 

Though idready ao w^ell acquainted with the motions 
of comets, we know nothing of tlieir physical constitu- 
tion. A vast number, especiiilly of telescopic comets, 
nre only like clouds or masses of vapor, often without 
tails. Such were the comets which a|)penred in the 
yenrti 1795, 1797, and 1798. But the heiid commonly 
consists of a concentrated uuiss of light, like- a planet, 
surrounded by a very transiiarent atmosphere, and the 
whole, viewed with a toltJsco])C', is so diaphanous, tliat 
the smallest star may be seen even through the densest 
fjartofthe nucleus; in general I heir so lid parti*, if they 
hnvc any, ore so minute, that they have no sensiblt^ 
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light lina never been satisfactorilj rnade out till d<w. 
Even if the light of a comet were fjolarized, it wonld 
not iillbid a decisive test, since a body is capable of re- 
flecting light though it shines by its own. M, Aurngo. 
however, lias with great ingenuity discovered a method 
of ascertainiug this point, iDdepeudent both of phfises 
and polarization- 

i^iiioB the rays of light diverco from a lu m in oua point, 
they will be scattered over a greater space as the dis- 
tance iucrewses, so that the intensity of the hght on a 
screen two feet from the object, is four times less than 
«t ibe distance of one ft>ot ; three feet from the object 
it ia nine times less, and so on, decreasiug in iDtensity 
as the squares of the distances increase. As a self- 
luminous surface consists of an infinite number of lumi- 
nouB points, it is clear that the greater the extent of sur- 
face, the more intense will be the light; wheuce it may 
be concluded that the iUuminatiug power of such a sor- 
face is propoitioiiFil to itjs extent, and decreases inversely 
as the i^quares of the distances. Notwithstanding this, 
a Belf-hiuiinoas surface, pin oe or curved, viewed through 
a hole in a plate of metals is of the same brilliancy at aU 
possible distances as long as it subtends a sensible angle, 
because, as the distence increuLses, a greater porSon 
comes iuto view, and ns the augiuentfition of surlitce is 
as the square of the diameter of the part seen through 
the hole, it increases as the squares t>f the distances. 
Hence, llioiigh the uumijer of rays from any ouf* point 
of the surface which pass througli tlie ht>le, decreases 
inversely as the sqnares of the distances, yet, as the 
extent of surfiice which comes into view increases' also 
in that ratio, the brightness of the object is the same to 
the eye as long as it has a sensible diameter. For ex- 
ample — Urarius is about nineteen times further from the 
sun than we are, so that the smit seen trom that planer, 
must appear like a wtar Avith a diainetor of a hundred 
seconds, and uinst have the same brihiancy to th** inhab- 
itants that he would have to us if viewed through a 
small circular hole tiavinp^ a diameter of a hundred sec- 
onds. For it is obvious that light corner from every 
point of the sun*s surface to Uranus, whereas a very 
amnU pmin^n of his diiw is vAmW\e tVwow^x \\\«> \\^^W \ wa 
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that extent of surface exactly compensates distance. 
Since, then, the visibility of a self-luminous object does 
not depend upon the angle it subtends as long as it is 
of sensible magnitude, if a comet shines by its own light, 
it should retain its brilliancy as long as its diameter is of 
a sensible magnitude ; and even after it has lost an ap- 
parent diameter, it ought to be visible, like the fixed 
stars, and. should only vanish in consequence of extreme 
remoteness. That, however, is far from being the case 
—comets gradually become dim as their distance in- 
creases, and vanish merely from loss of light, while 
they still retain a sensible diameter, which is proved by 
observations made the evening before they disappear. 
It may therefore be concluded, that comets shine by 
reflecting the sun's light. The most brilliant comets 
have hitherto ceased to be visible when about five times 
as far from the sun as we are. Most of the comets 
that have been visible from the earth have their peri- 
helia within the orbit of Mars, because they are invisible 
when as distant as the orbit of Saturn : on that account 
there is not one on record whose perihelion is situate 
beyond the orbit of Jupiter. Indeed, the comet of 1756, 
after its last appearance, remained five whole years 
within the ellipse described by Saturn without being 
once seen. More than a hundred and forty comets 
have appeared within the earth's orbit during the last 
.century that have not again been seen. If a thousand 
years be allowed as the average period of each, it may 
be computed, by the theory of probabilities, that the 
whole number which range within the earth's orbit 
must be 1400 ; but Uranus being about nineteen times 
noore distant, there may be no less than 11,200,000 
comets that come within the known- extent of our sys- 
tem. M. Arago makes a different estimate : he con- 
siders that, as thirty comets are known to have their 
perihelion distance within the orbit of Mercury, if it bo 
assumed that comets are uniformly distributed in space, 
the number having their perihelion within the orbit of 
Uranus must be to thirty as the cube of the radius of 
the orbit of Uranus to the cube of the radius of the 
orbit of Mercury, which makes the number of comets 
amount to .3,529,470. But that nwmb^Y mvj Vi^ dc>^\^il^<i^ 
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dint couli influence its motion bml been duly consideTed, 
M. Encke found that an acceleration of about two dap 
in each revolution has takeu place in its m&an motioii, 
precisely slmUar to that which would be occasioned hy 
the rosiatnnce of an ethereal methtini. And as it cannot 
bo attributed to a cause like that which prod aces th« 
accelenition of the moon, it must be concluded that the 
celestial bodies do not perform tbeir evolutions in in 
absolute void, and that although the medium be too rare 
to have a sensible alTect oa the mosses of the plaifetft 
and satellites, it nevertheless has a coasidorable influ- 
ence oti ao rare a body m a comet. Contradictoiy aa it 
may seem, that the motion of a body should be aceele- 
TEted by the resistance of an elberaal medium, the 
truth hecomea evident if it be considered that both 
planets and comets are retained in their orbits by tfto 
forces which exactly balance one rmother ; nnraely, tho 
centrifiigiU force produciug the velocity in the tangieott 
and the attraction of the ^^vitatlng force directed to 
the center of the sun. If one of these forces be dimia- 
isbed by any cause, the other will be proportaonally 
increased. Now, the necest^aiy effect of a resisting 
medium is to diminish the tangential velocity, so thot 
the balance is destroyed » gravity j>rot>onderate9» the 
body descends toward the sun till equilibrium is spin 
restored betwt^en the two foiices ; and aa it then do- 
scribes a sinaller pibit it moves with increased velocity. 
Thus, the roisistance of an ethereal medium octually 
accelerates the motion of a body ; but aa the resistiiii 
fcii-ce is cfjnliiiod U> tho plant* of the orbit, it has no in- 
fluence whutoviii- nn the incrmsiticin of the oi^bit, or OH 
the ])laco of the nodt^s- In computing its elfect, M* 
F/ucke assumed the increase ttr be inversely aa tlie 
iiijUHros of the distunces, und tiiut its resistance acts as i 
tangential force |jro|>oitioDal to thi> squiires of die 
comet's act^ial vidooity in each point of its orbit. The 
other comet belonging to our sy.^tem, wliich retumi to 
its (MMJholkm aftur a jfoinod of 6| years, has been ac^ 
Cflivnited in its iwirion by a whole day d tiring its ta^ 
revuliirion, which puts tho existence of cihtjr near*^ 
ii<n'fjEid n dmibt, Eiiid furins a strung iiresiimplion in cc 
robonition of tho utidulatory theory of light. Since tl 
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if it: h& considered Ihat, in consequence of daylight, fogs, 
Olid ^eat soutiiem declination, cue comet out of two 
inu^t btj liid 6*0111 us. Aticordiojg to M. Araa^o, more 
tliao seveo millions of comets frequent the planetary 
orbits. 

The different degrees of velocity witli which the 
plaaeta and comets were origiually propelled m space is 
rh(3 solo caus*^ of the diversity in the form of their orbita, 
which depemin only upon the mutual rekiioo between 
the projectile force and the sun*9 attraction* 

When the two torces are exactly ei|ual to one another, 
circular motion is produced ; when the ratio of the pro- 
jectile to the central force is exactly that of 1 to the 
square root of 2, the motion is parabolic ; any ratio be- 
tween ihese fcwa will CQuae a body to move in an ellipse, 
and any mtio greater than that of 1 to the square root of 
2 will pixjduce hyperbolic motion (N» 222). 

The celestial bodies might move in any on© of these 
four curves by the \rw of gravitation ; but as one par- 
ticular velocity is necessary to produce either circular or 
parabolic motionj such motions can hardly be supposed to 
W»t in the solar system, where the bodies are liable to 
euich mutual distmbances as would infallibly chauj^e the 
ratio of the forces, and cause them to move in ellipses 
in the first case» and iiypeiholas in the other. On the 
contrary, since every ratio between equality and that of 
1 to the squai-e i-oot of '2 will produce elliptical motion, it 
is found in the solar system in all its varieties, from that 
which is nearly circular^ to such sib borders on tbe para- 
bolic from excessive ellipticity. On this depends the 
stability of the system ; the mutual disturbances only 
cause the orbita to become more or less eccentric with- 
out changing their nature. 

For tlie same reesou the bodies of the solar systetn 
might have moved in an ioilnite variety of hyperbolas, 
since any ratio of the forces, greater than that which 
causes parabolic motion, will make a body move in one 
of these cuiTes. Hyperbolic motion is however very 
rare ; only tw^o comets appear to move in orbits of that 
natura, those of 1771 and 1624 ; probably all such com- 
ets have already come to their perihelia, nnd ronse- 
quently will never return- 
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The ratio of the forces which fixed the nature of the 
celestial orbits is thus easily explained ; but the circum- 
stances which determined these ratios, which caused 
some bodies to move nearly in circles and others to 
wander toward the limits of the solar attraction, and 
which made all the heavenly bodies to rotate and re- 
volve in the same direction, must have had their origin 
in the primeval state of things ; but as it pleases die 
Supreme Intelligence to employ gravitation alone in the 
maintenance of this fair system, it may be presumed to 
have presided at its creation. 
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The Fixed Stars — ^Their Numbers — ^Estimation of their Distances and 
Magnitudes from their Light — Stars that have vanished — New Stars — 
Double Stars — Binary and Multiple Systems — Their Orbits and Periods 
— Orbitual and Parallactic Motions — Colors — Proper Motions — General 
Motions of all the Stars — Clusters — Nebuloe — Their Number and Forms 
— Double and Stellar Nebulse — Nebulous Stars — Planetary Nebalss — 
Constitution of the Nebul»», and Forces which maintain them — Distribu- 
tion — Meteorites— Shooting Stars. 

Great as the number of comets appears to be, it is 
absolutely nothing when compared with the multitude of 
the fixed stars. About 2000 only are visible to the 
naked eye ; but when we view the heavens with a 
telescope, their number seems to be limited only by the 
imperfection of the instrument. In one hour Sir Wil- 
liam Herschel estimated that 50,000 stars passed through 
the field of his telescope, in a zone of the heavens 2° in 
breadth. This, however, was stated as an instance of 
extraordinary crowding ; but, on an average, the whole 
expanse of the heavens must exhibit about a hundred 
millions of fixed stars within the reach of telescopic 
vision. 

The stars are classed according to their apparent 
brightness, and the places of the most remarkable of 
those visible to the naked eye are ascertained with 
great precision, and formed into a catalogue, not only 
for the determination of geographical positions by their 
occnltations, but to serve as points of reference for 
marking the places of comets and other celestial phe- 
Hh 
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nDmena. The whole Dumber of stars registered amounts 
to Bboiit 150, Oun or iJOO,0(M}. Tbo dUlnucie of the tix^d 
stars is too gi-eat to admit of their exhibiting a seusSWe 
disc ; but in all profmbility they ar« spherical, aad mast 
certaiolr be so if giavitntion pervades nil space, which it 
may be prei^umed to do, Bince Sir John Herschel ho? 
showu that it extends to the binary systems of st^ir*. 
With a fine telescope tlie stars ajjpeflr like a point of 
li^ht; their occultations by the looon are therefore 
instantaneous. Their twinkling arises from sudden 
changes in the refractive powers of the air, whicli would 
not he sensible if they had discs like the planets. Thus 
we can learn nothing of the relative distances of the 
stars from ns, and trom one another, by their apparent 
diameters. The nnnnal parallax of all b«t a very few 
bein;;; insensible, shows we jniist be more than two 
liundred niilfions of millions of miles at least fi'om them. 
Many <jf them, however^ must be vastly more remote; 
for of two st?jrs that appear close together, one may be 
far beyond ihe other in the deptli of i^pace. The light 
of Siriiis, according to the observations of Sir John 
Herschel, is 3^4 times greater than thnt of a star of the 
sixth uiat^njtude ; if we suppose the two to bo really of 
the same size, their distances from us must be in the 
ratio of 57*3 to 1, because light diminishes as the square 
of the disthmce of the luminous body incretises. 

Nothing is known of tiie absokite mfignitude of the 
fixed stars, but tho quantity of light emitted by luaay 
of them shows tliat they timat be much larger than the 
sun. Dr. Wollaston determined tlie approximate ratio 
which the hght of a wax candle bears to that of the sun» 
moon, and stars, by comparing their respective images 
reflected from small glas^ globes filled with mercury, 
whence a ccunparisou was estaijlished between the 
quantities of light emitted by the celestial bodies them- 
selves. By this method he foimd that the h^lit of the 
smi IB about twenty millions of iiullions of times greater 
than that of Sirius, the bricriitest nmi one of the nearest 
of the fixed stars. Sinee the jjnmllax of Sirius is about 
half asecond» its distance from llin earth mnst be -592,200 
times the drstanee of the sun fronu the erirth ; and 
thfirGforf^ 8inus, plnced where the sun is» wnidd appenr 
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to US to be 3*7 times as large as the sun, and would give 
13*8 times more light. Many of the fixed stars must be 
infinitely larger than Sirius. 

Many stars have vanished from the heavens; the 
star 42 Virginis seems to be of this number, having been 
missed by Sir John Herschel on the 9th of May, 1828, 
and not again found, though he frequently had occasion 
to observe that part of the heavens. Sometimes stars 
have all at once appeared, shone with a bright light, 
and vanished. Several instances of these temporary 
stars are on record ; a remarkable instance occurred in 
the year 125, which is said to have induced Hipparchus 
to form the first catalogue of stars. Another star ap- 
peared suddenly near a Aqnilae in the year 389, which 
. vanished, after remaining for three weeks as bright as 
Venus. On the 10th of October, 1604, a brilliant star 
burst forth in the constellation of Serpentarius, which 
continued visible for a year; and a more recent case 
occurred in the year 1670, when a new star was discov- 
ered in the head of the Swan, which, after becoming 
invisible, reappeared, and having undergone many varia- 
tions in light, vanished after two years, and has never 
since been seen. In 1572 a star was discovered in Cas- 
siopeia, which rapidly increased in brightness till it even 
surpassed that of Jupiter ; it then gradually diminished 
in splendor, and having exhibited all the variety of tints 
that indicate the changes of combustion, vanished sixteen 
months after its discovery, without altering its position. 
It is impossible to imagine anything more tremendous 
than a conflagration that could be visible at such a dis- 
tance. It is however suspected that this star may be 
periodical, and identical with the stars which appeared 
in the years 945 and 1264. There are probably many 
stars which alternately vanish and reappear among the 
innumerable multitudes that spangle the heavens ; the 
periods of several have already been pretty well ascer- 
tained. Of these the most remarkable is the star Omi- 
cron, in the constellation Cetus. It appears about twelve 
times in eleven years, and is of variable brightness, some- 
times appearing like a star of the second magnitude ; 
but it does not always attain the same lustre, nor does 
it increRse or diminish by the same de^ftea. Aw«i,wd.- 
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ing to Heveliufi, it did not appeajr at aJl for four years. 
y Hjdrae also Tnnishea and reuppears every 494 days: 
and a \^ry singulikr instance of periodicity is given by 
Sir John Herschel, in tlie star Algd or jl Persei, whkb 
is described as retaining die size of a atar of tbe second 
magnitude for two days and torn teen hours; it then 



^ suddenly begins to diminish in splendor, and in about 



stftr,^! 

3^ 



three honrs and a half is rednced to the size of a star 
of the fourtli magnitude ; it then begins again tcj increi 
and iu three hours and a half more regains its nsi 
brightuej^s^ going through all these vicissitudes in 
day St twenty hours, and forty-eight minutes, a C; 
opeiai is aJso periodical, accomplishing \X^ changes in 225 
days : the period of the star 34 Cygoi is 16 years ; and 
Sir John lierschel has discovered very singular varia- 
tions in the star ?/ of the constellation Argo* It is sur- 
rounded by a wonderful nebida, and from a stai* of little 
more tinm the second magnitude it suddenly increased 
between the years 1837 and IWM to be a first-rate star 
of the first nnignitude. At the latter period it was equftl 
to Arcturnst and its brilliancy was then so great as to 
obliterate some of the detaile of the suri'ounding nebula. 
Afterward it decreased to the first magnitude, and then 
began to increase again. Sir John has also discovered 
that a Oriooia may now be classed among the variable 
and periodic stars, a circumstance the more remark nble^ 
as it is one of the conspicuous stars of our hemisphere, 
and yet its changes had never been remarked. The 
inferences Sir John draws from the phenomena of vari- 
able stars are too interesting not to be given in his own 
words. *' A periodic ciiEiuge existing to so grreat an ex- 
tent in so large and brilliant a star as a ^Jrionis, cannot 
fail to awakon attention to the s object, and to revive the 
consideration of those speculations wspecting the possi- 
bility of a cliange in the lustie of our snn itself which 
were put: forth by my father. If there really be a com- 
munity of nature between the sun and fixed stars, every 
proof that wo obtaia of the extensive prevalence of such 
periodical changes in those remote bodies adds to tho 
probability of finding ^omethiof; of the kind nearer home. 
If our sun were ever inl riasically nuich brightor than ut 
present, the tnean temtierature of the surface of our 
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globe would of course be proportionally greater. I speak 
now not of periodical but secular changes. But the ar- 
gument is complicated with the consideration of the 
possibly imperfect transparency of the celestial spaces, 
and with the cause of that imperfect tnmsparency which 
may be due to material non-luminous particles diffused 
irregularly in patches analogous to nebulae, but of greater 
extent — to cosmical clouds in short — of whose existence 
we have, I think, some indication in the singular and 
apparently capricious phenomena of temporary stars, 
and perhaps in the recent extraordinary sudden increase 
and hardly less sudden diminution of ri Argus." Mr. 
Goodricke has conjectured that the periodical changes 
in the stars may be occasioned by the revolution of some 
opaque body coming between us and the star, and ob- 
structing part of its light. Sir John Herschel is struck 
with the high degree of activity evinced by these changes 
in regions where, " but for such evidences, we might 
conclude all to be lifeless." lie observes that our own 
sun requires nine times the period of Algol to perform 
a revolution on its own axis ; while on the other hand, 
the periodic time of an opaque revolving body sufficiently 
large to produce a similar temporary obscuration of the 
sun, seen from a fixed star, would be less than fourteen 
hours. 

Many thousands of stars that seem to be only brilliant 
points, when carefully examined are found to bo in 
reality systems of two or more suns, sometimes revolving 
about a common center. These binary and multiple 
stars are extremely remote, requiring the most power- 
ful telescopes to show them separately. The first cat- 
alogue of double stars, in which their i)laces and relative 
positions are determined, was accomplished by the tal- 
ents and industry of Sir William Herschel, to whom 
Astronomy is indebted for so many brilliant discoveries, 
and with whom the idea of their combination in binary 
and multiple systems originated — an idea completely 
established by his own observations, and recently con- 
firmed by those of his son and oth(n* astronomers. The 
motions of revolution of many of these stars round a 
common center have been ascertained, and their periods 
determined with considerable accuracy. Some have, 
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have been entire me, and the appaieut augulAr velocity 
so great that it might have described an angle of 68^ in 
tt siogle year. Ob:?ervationa made at ttie Cape of G^tod 
Hop*?, by Sir John Herschel, as well as those of Captain 
Siiiytht R. N., at homa, correspoad in proving an aug- 
nientatioa of velocity us the star was approaching its 
shortest dii^tiince from its primai-y. By the laws of el- 
Uptical motion, the atigulHr ^-^elocity of the revolving star 
must now gmdnaliy dhninish, tiU it comes to its aphelion 
some 314 years hence- The satellite star of a Coroos 
attained its perihelion in 1835| and that of Castor will do 
the same some time in 1855. 

It sometimes happens that the edge of the orbit of a 
revolving slar is presented to the earth, as in fr Serpen- 
turii. Then the star seems to move in a straight line, 
and tJ3 oiicillate on each side of its primary. Five ob* 
servations are requisite in this case for tlie determina- 
tion of itii orbit, provided they be accurate. At the time 
Sir William Herschel ohseiTed the system in question, 
the two start* were distinctly separate r at present, one 
is so completely jirojected on the other, that M. Struvo> 
with his great telescope, cannot perceive the smallest 
separation, On the contrary, the two stars of C Orionia, 
wliick rqjpeared to be one in the time of Sir William 
Ileriichel, are umv separated. Were tliis libraJion owing 
to parallax, it; would be annual, from the revolution of the 
earth ; but as years elapse before it amounts to a sensi- 
ble quantity, it can only arise from a real orbitual motion 
Reen obliquely. A niong the triple stars, two of the stars of 
( Cancii revolve nbont tiie third . There are also quadru- 
ple stara, aod lliere are even assemblages of five and six 
stars, as f/ and cr of Orion, It is remarked that, in gen- 
eral, tlie ellipsea in wlijcli the revolving stars of binary 
sysl^nns move, are nmcb more elongated than the orbits 
of the planets. So" John Herschel, Sir James South* 
and Professor StTiive of Dorpat, have increased Sir 
W'iliiani Herscbel's original catalogue of double stars to 
nioie tliRU (iOOO, of wliich tliirty or forty are known to 
foriu revolving or binaiy systems; and Mr. Dunlop has 
formed a catalogue of 25.5 double stars in the southern 
hemisplicre. To this Sir John Herschel has added 
inany ; but he hes found that the southern hemisphere 
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is poorer than the oortheni it) close double stBrs above 
the tenth magnitude. He observes, tliat if Mi\ Duolop's 
measures can be depeuded upon, G Eritlani ig perhupa 
"^lie most remarltBble of all the binnry systems in the 
ravens. The rovolmioa of the sateilitw star being at 
tie rate of 1U--67 per annuoit it congequenily must , 
Dcomplish a revolution in n little more than tliirty years. < 
The motion of Mercury la more rut»id than thiit of any 
Ither planet, being at the rnle of 107,000 miles an hour; 
be perihelion velocity of the comot of 1G80 was no less 
lian 880,000 miles au hour ; but if the two stars of 6 
ilrjdani or ^ Ursa^ bo as remote from one noother as the 
Dearest fixed star ia from the suii, the velocity of the 
revolving stiirg must oxceod the powers of imnginatioa. 
The discoveiy of the elliptical motion of the double starft < 
excites Uie highest interest, since it shows that graviCa- 
^pliou is not peculiar to our system of filanetg, but that 
^Bfe^stems t>f suns in the far distant regions of the iini- 
^Hlerse are also obedient to it;^ laws. 
^K Besides revolutions about one another, some of the 
Tjinary systems are carried foi-warc5 in sfxace by a motion 
common to Ixjth stars, toward some unknow^n point in 
^vtiie firmament, Tiie two stars of 61 Cygui, which are 
^Kearly equal, and have remained at the distance of about 
^"15' from each oih«r for lifty yearSn, have changed their 
place in the heavens during that period^ by 4' 23'\ with 
a motion which for ages must appear rectilinear : be- 
cause, even if the path be curved, so small a portion of 
it must appear a straight line to us. The single stars 
also have proper uiotions, yet so minute tliat the ti'anS' 
lation of^ Cassiopeia^, of 3"-74 annually, is the greatest 
yet observed: but the enormous distances of the stars 
make motions appeiir small to us which are in reality 
very great. Sir William Herschel conceived that, 
aoioug many iiTegularities, the motions of the stars have 
u general tendency tow^ai'd a point diametrically oppo- 
site to that occupied by the star C Herculis* which ho 
attribntod to a motion oi the solar system in tlie contrary 
direciioo- Should this really be the case, the stars, 
from the effects ol" pers|jecrive Hlcnie, w^ould seem to 
diverge in the direction to which we ai'e tending, and 
^^jpouM appsireutiy converge iti the space w© Aeave^ and , 
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there would be a regularity in tbeac apparent niotioos 
which would in time l>»^ detected; but if the solar STS- 
t«in and the whol« of the stnrs visible to us be carried 
forWfinl in sipnce by a motion roramon to all, like ships 
drifting in a current, it would be impcmsible for us, 
movini^ witb t\w rest-, to fuscprtain its direction* Tlierr© 
can bti lit* doubt of the protri-essivo Tiiotion of the sun and 
starri, but sidereal astronomy is not far enough advauced 
to deformiiie wlnit relsitioiii? these bear to one another; 
it will howev^er be knownn in the crourse of time from the 
orbits of the revolviojE^ stars of the binary systems. FcMf 
if tlie solar system he in motion, siome of the steUar 
orbits which, by the elfects of pei-spective, appear to us 
to be stiatffht lines, wUI^ after a time, open and become 
elhptical by our chnii^e of place ; while others which 
now appear to be open will close, or open wider ; fitars 
al8o which now oceultate, or hide one another in certain 
poinls of their orbit's^ will, in time, cease to do so. The 
directions and inaj[rnitiide of these chansreg will no doubt 
show the motion of our system, to what point it is tend- 
ing, and the velocity with which it moves. 

Amoii^ ifie niuUitudi^s of small stars, whether doable 
or inanlateti, a few are found near enonjp:h to exhibit 
distinct [mrfdliictic niotion!^^ arising from the revolution 
of tha eartlj in its orbil. Uf two stai-s af>parently in 
close a]i|iroximalioti, one may be fEir behind tlie other id 
space. These may seem nofir to one another when 
viewed from the earth ia one pail of it^ orbit, but may 
separate widely when seen from the earth in another 
position, just as two terrestiial objects appear to be one 
when viewed in the same straigiit line, but separate os 
tlie obaener cbanges his position. In this case the stars 
would rajt have real, but only apparent motion. One of 
them would seem to oscillate annually to and fro in a 
striiif^ht line on each side of the other — a motion which 
could not. be niist^iketi for thiit of a binary system, 
where one star describes an eMijise about the other, or, 
if the edge of the orbit be turned toward the earth, 
where the oscillations require years tor their accotii' 
^^ pUshment. 

^m This method of linding tlie distances of the fixed stars 

^^ WBJ projjoaed by GalileOi aitd attempted by Dr- Long 
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without success. Sir William Herschel afterward ap- 
plied it to some of the binary groups ; and though he 
did not find the thing he sought for, it led to the dis- 
covery of the orbitual motions of the double stars. 

Though the absolute distance of most of the stars is 
still a desideratum, a timit has been found under which, 
probably, none of them come. It was natural to sup- 
pose that in general the large stars are nearer to the 
earth than the small ones ; but there is now reason to 
believe that some stars, though by no means brilliant, 
are nearer to us than others which shine with greater 
splendor. This is inferred from the comparative ve- 
locity of their motions. All the stars have a general 
motion of translation, which tends ultimately to mix the 
stars of the different constellations, but none that we 
know of moves so rapidly as 61 Cygni; and on that 
account it is reckoned to be nearer to us than any 
other, for an object seems to move more quickly the 
nearer we are to it. This circumstance induced MM. 
Arago and Mathieu to endeavor to determine its an- 
nual parallax, that is, to ascertain what magnitude the di- 
ameter of the earth's orbit would have as seen from the 
star, and from that to compute its distance from the 
eardi (N. 223). This has been accomplished with more 
accuracy by M. Bessel, who has found by observation, 
that the diameter of the earth's orbit of 190 millions of 
miles would be seen from the star under an angle of 
only one-third of a second, whence 61 Cygni must be 
692,200 times farther from the earth than the sun is, 
— a distance which light, flying at the rate of 190,000 
miles in a second, would not pass over in less than 
nine years and three months. 

The apparent motion of five seconds annually which 
this star has, seems to us to be exti'emely small, but at that 
distance an angle of one second con'esponds to twenty- 
four millions of millions of miles ; consequently the an- 
nual motion of 61 Cygni is one hundred and twenty 
millions of millions of miles, and yet^ as M. Arago ob- 
serves, we call it a fixed star ! 

From the observations of Professor Henderson it ap- 
pears that Sirius, the brightest star in the heavens, has 
a parallax of less than t£e third of a second ; cqx^&^- 
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fluently it is ai n greater distance thmx 61 Cygni : tbet 
fif tt ('entauri emouiits tu h second of spflce, so eliat itit 
neanH* (ho e^uili riinn any star that is known : whereas 
Mr. Aiiy haa found that the parallax of u L,yv'^. i$ »[- 
togtjflier iiiappreciablw ; and as this is i;eneiiilly the ciiae 
witli the tixed fetnrs, wo iiiny conchide that tiieir dis^ 
tances are beyond the hope of mensuration. 

All tha ordinary methods foil when the distances are 
BO eiioriuoLis, An an^le even of two or tiiree ^econdsi 
viewed in the focn.-* of our largest telescopes, does Dot 
equal the Ihicliuetis of a spider's tln-ead, which makes it 
impossible to measure such minute quantities with auy 
degree of accuracy. In some ca^sciS;^ however^ the bi- 
nary aysteuis of stars twnish a method of estiiiiatiiig iw 
angle of even th« tenth of a secoud, whicVi is thirty 
times more accurate than by any other means. From 
them tho actual distances of some nf tlia more remote 
stars will ultimately be kuowu. 

fc''U[)pose that oue sUir revolves about another in au 
orbit which is so oblif|uely seen fiom the earth as to 
look like an eUipse iu a horizental position, then it is 
clear that one half of the orbit will be nearer to us tbHH 
the other hahV Now, m consequence of the time which 
light takes to travel, we always «ee the sateUite star iu 
a place whicli it has already lefu Hence when that 
etar seta out from tlie point of its orbit which is nearest 
to UB, its light will take more and luore tima to come to 
us in |iroportion as the stitr moves lonnti to the moat 
distant point in its orbit. On that account the star will 
appeal- to ns to t^ike moie time in moving through that 
half of its orbit than it really does. Exactly the con- 
traiy takes place hi the other half: tor the lijEjht will 
take lesa aud less time to anive at the earth in propor- 
tion ns the star nppnwclies nearer to us, and therefore 
it will seem to move through this half of its orbit in less 
time than it really does. This circumstance furnishes 
the means of finding the absolute breadth of the orbit lu 
milest aud from that the true distance of the star from 
the earth. For, since the greatest and least; distances 
of tile satellite star from the earth difler by the breadth 
of its orbit, the time which the star takes to move fix^m 
the uearesl to ihe remotest point of its orbit is greater than 
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k ought to b^, by the whole time its Hght takes to cross 
the orbit, and the period of moving through the other 
half is exactly as much less. Hence the difference be- 
tween the observed times of these two semi-revolutions 
of the star is equal to twice the time that its light em- 
ploys to cross its orWt ; and as we know the velocity of 
fight, the diameter of the orbit may be found in miles, 
and from that its whole dimensions. For the position of 
the orbit with regard to us is known by observation, as 
well as the place, inclination, and apparent magnitude 
ctf its major axis, or, which is the same thing, the angle 
under which it is seen from the earth. Since, then, 
itiree things are known in this great triangle, namely, 
the base or major axis of the orbit in miles, the angle 
opposite to it at the earth, and. the angle it makes with 
thoTisual ray ; the distance of the satellite star from the 
earth may be found by the most simple of calculations. 
The merit of having first proposed this very ingenious 
method of finding the distances of the stars is due to M. 
Savary ; but unfortunately it is not of general application, 
as it depends upon the position of the orbit, and even 
then a long time must elapse before observation can fur- 
nish data, since the shortest period of any revolving star 
that we know of is thirty years : still the distances of a 
vast number of stars may be ultimately made out in this 
way ; and as one important discovery almost always leads 
to another, their masses may thus be weighed against 
that of the earth or sun. 

The only data employed for finding the mass of the 
earth, as compared with that of the sun, are the angular 
motion of our globe round the sun in a second of time, 
and the distance of the earth from the sun in miles (N. 
224). Now by the observations of the binary systems, 
we know the angular velocity of the small star round 
the great one ; and when we know the distance between 
the two stars in miles, it will be easy to compute how 
many miles the small star would fall through by the at- 
traction of the great one in a second of time. A compar- 
ison of this space with the space which the earth would 
descend through in a second toward the sun, will give 
the ratio of the mass of the great star to that of the sun 
or earth. 

Ii 
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If it be considered that all the double stars appear sin- 
gle to the nakt^d eye, and with ordinary in istru meats, 
and that it requires thta highest powers of the very best 
tele^scopes to aepanit*! the greater nuinber of them, ihe 
extreme beauty of the iugeimi^ and refmcticm uecesaarr 
» to draw such profound rei^uita from, theii- motions taa y ^ 
mhe in BO me degi-ee appreciated. jM 

B The do obi© stains are of various hues, but they mcS^J 
Jfrequently t^xhrbrt the contrasted colors. The large star 
Wh generally yellow, orange, or red ; and the small star 
blue, purple, or green. Sotiietiraes a white star is com- 
bhied with n blue or purple, and more rarely a red and 
whitii are united, la many case», these appearances 
are due to the influence ot contnist on our judgiueat of 
colorsi For exBm}jit^? iti observing a double star, where 
the large one is a tull niby red, or almost blood color, 
■ wad tlie smaU oue a ftue green, the latter loses its color 
■f'wlien the fbnuer U hid by the cross wires of tlie tele- 
M scope, But there are a vast nuuib^r of instances where 
B^e colors are too strongly marked to be tcieri*iy iinagi- 
^imry. Sir John HerscheJ ob^iervea in one of his papers 
in the Philosophical Transactions, as a very remarkable 
fact, that, although red stars are common enough, no 
example of a solitary blue, gieen, or purple one has yet 
been produced. 

The stars are scattered very irregularly over the fir- 
mament. In some places they are crowded together, in 
others thinly dispersed. A few groups more closely 
condensed form very beautiful objects even to the naked 
eye, of which the Pleiades and the constellation Coma 
Berenices are the most striking examples ; but the 
greater number of these clusters of stars appear to un- 
assisted vision like thin white clouds or vapor : such 
is tlie milky way, which, as Sir William Herschel has 
proved, derives its brightness from the diffused light of 
the myriads of stars that form it. Most of these stars 
appear to be extremely small, on account of their enor- 
mous distances ; and they are so numerous, that, ac- 
cording to his estimation, no fewer than 50,000 passed 
through the field of his telescope in the course of one 
hour in a zone 2° broad. This singular portion of the 
lieavens, constituting part of our firmament, consists of 
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an extensive mass of stars, whose thickness is small com- 
pared with its length and breadth ; the earth is placed 
near the point where it diverges into two branches, and 
it appears to be much more splendid in the Southern 
hemisphere than in the Northern. Sir John Herschel 
says, " The general aspect of the Southern circumpolar 
regions (including in that expression 60° or 70° of South 
polar distance) is in a high degree rich and magnificent, 
owing to the superior brilliancy and large development 
of the milky way, which, from the constellation of Orion 
to that of AntinoHs, is a blaze of light, strangely in- 
terrupted, however, with vacant and entirely starless 
patches, especially in Scorpio, near Alpha Centauri and 
the Cross, while to the north it fades away pale and 
dim, and is in comparison hardly traceable. I think it is 
impossible to view thi6 splendid zone, with the astonish- 
ingly rich and evenly distributed fringe of stars of the 
3rd and 4th magnitude, which forms a broad skiit to its 
southern border like a vast curtain, without an impres- 
sion amounting almost to conviction, that the milky way 
is not a mere stratum, but annular, or at least that our 
system is placed within one of the poorer or almost 
vacant parts of its general mass, and that eccentrically, so 
as to be much nearer to the region about the Cross, than 
to that diametrically opposite to it." The cluster, of 
which our sun is a member, and which includes the 
milky way, and all the stars that adorn our sky, must be 
of enormous extent, since the sun is more than two hun- 
dred thousand times farther from the nearest of them 
than he is from the earth ; and the other stars, though 
apparently so close together, are probably separated from 
one another by distances equally great. In the intervals 
between the stars of our own system and far in the depths 
of space, many clusters of stars may be seen like white 
clouds or round comets without tails, either by unassisted 
vision or with ordinary telescopes ; but, seen with pow- 
erful instruments. Sir John Herschel describes them as 
conveying the idea of a globular space insulated in the 
heavens and filled full of stars, constituting a family or 
society apart from the rest, subject only to its own in- 
ternal laws. To attempt to count the stars in one of 
these globular clusters, he says, would be a vain task, — 
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that they are not to be reckoned by butitlreds :■ — &a » 
rough coniputation, it appears that many clusters of this 
description roust contain \mi or twenty Lhousand atJirs 
compacted and wedged ttigt^ther in a round ^mce, 
%vlioso area it* not moro than a tenth pint of that covered 
by the moon ; «c> that iLs center, whore tlits stars are 
Been projected an t?ach other, is one bJaze of light 
(N. 225)- If each of these stars be a sun, and if ihey 
be sepamted by inrervjib equal to that which aeparatea 
our auu from the nearest lixed f>lm\ the distance whkii 
renders the whole cluster barely visible to the naked ey» 
niust be ko greats that the existence of tlim splendid as- 
eeuiblage cao only be known to us by hght which must 
have left it at least a thousand years ago. Occesiouidly 
cluaterB are so irregular and so uodefined in their outltuo 
us merely to suggest tlje idea of a richer part of the 
heavonjj. These contain fewer stars thnii the globular 
cluster^T aud i^onii:? times a rod star forms a couspicuona 
object among tlieni. Sir William Herschel regarded 
them as the rudiments of globukn* clusters in a less ad> 
vanced state of condensation, buc tending to that form 
by thoir mutual atti-action. 

Multitudes of nebulous spots are to be seen on the 
clear vault of heaven^ which have every appearance of 
being clusters hke those descnbed, but are too distant to 
be resolved into stars by the moat excellent telescopes. 
Vast numbers also appear to be matter in the highest 
possible degree of nireftiction, giving no indication what- 
ever of a stellar nature. These are in evoiy^ state of 
condensation, from a vague lilni hardly to be discerned 
with telescopes of the highest powers, to such as seem 
to have actually ai'rived at a solid nucleus- This nebu- 
lous matter exists in vast abundance in space. No 
fewer than 2U0O iiebulfB and clusters of stai-s were ob- 
served by Sir William Ilorschel, whose places have 
been computed from his observationsi reduced to a com- 
mon epoch, and m-ranged into a catalogue in order of 
right ascension by his sister. Miss Caroline Herschel, a 
lady eminent for asLrouomieal knowledge and discovery. 
Six or seven hundj-ed nebulaj have alrtjady been ascer- 
^m tained in the southern hemisphere ; of tlu^se tlie Ma- 
^1 gellimic clouds are the most remarkable. The nature 
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and HBO of this nebulous matter, scattered over the 
heavens in such a variety of forms, is involved in the 
greatest obscurity. That it is a self-luminous, phos- 
phorescent, material substance, in a highly dilated or 
gaseous state, but gradually subsiding by the mutual 
gravitation of its paiticles into stars and sidereal systems, 
18 the hypothesis most generally received. And indeed 
this is the hypothesis of La Place with regard to the 
origin of the solar system, which he conceived to be 
formed by the successive condensations of a nebula, 
whose primeval rotation is still maintained in the rota- 
tion and revolution of the sun and all the bodies of the 
solar system in the same direction. Even at this day 
there is presumptive evidence in the structure and in- 
ternal heat of the earth, of its having been at one period 
in a gaseous state from intensely high temperature. 
But the only way that any real knowledge on this mys- 
terious subject can be obtained is by the determination 
of the form, place, and present state of each individual 
nebula ; and a comparison of these with future observa- 
tions will show generations to come the changes that 
Inay now be going on in these supposed rudiments of 
future systems. With this view, Sir John Herschel 
began in the year 1825 the aixiuous and pious task of 
revising his iUustrious fiither's observations, which he 
finished a short time before he sailed for the Cape of 
Good Hope, in order to disclose the mysteries of the 
southern hemisphere ; indeed, our firmament seems to 
be exhausted till farther improvements in the telescope 
shall enable astronomers to penetrate deeper into space. 
In a truly splendid paper read before the Royal Society 
on the 21st of November, 1833, he gives the places of 
2500 nebulae and clusters of stars. Of these 500 are 
new, — ^the rest he mentions with peculiar pleasure as 
having been most accurately determined by his father. 
This work is the more extraordinary, as from bad 
weather, fogs, twilight, and moonlight, these shadowy 
appearances are not visible, on an average, in England, 
above thirty nights in the year. 

The nebulae have great variety of forms. Vast multi- 
tudes are so faint as to be with difficulty discerned at all 
till they have been for some time in the field of the 
ii2 
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Ini hoDow sbellst only emittiiig fight from tbeir mir- 
faces* 

The existence of every degree of ellipticitTr in the 
nebulae — ^finom long Jeutkular rajr* to the exact cirralar 
form — and of eyery shade of cenls^l condensation — ^from 

^ the slightest increase of density to apparr"*'-- - Hrj 
nuciens — may be accounted for by supposin- il 

constitutions of these nebula to be that of ui ,,„t - 

I Toidal masses of every dej^ee of flatness, from the 
sphere to the disc, and of every variety in their densitj' 
and eUipiicity tovrard the center. It would be emme- 
ous, however, to tma^ne that tlie tonus of these sys* 
terns are maintained by force* identical -with tho*© 
already described, which determine the ftirm of a fluid 
masf) in rotation ; because, if the nebulae b^ onty dm- 
ter» of aefjamte star^t a* in the greater number of cases 
there itt every reason to believe them to be, no pressure 
cmi he propa^ted through them. CVnsequentJyt since 
no general rotation of such n system as one mass can 
be siipposedt it may be conceivcHl to be a (ptiescent form, 
compriKinE within its limits an indefinite multitude of 
slars, eiich of which may be moving in an orbit about 
tJiR ctimition renter of llio whole, in virtue of a iaTV of 
iiiteniiLl gravitation rosnlting from the compound gravi- 
tation of all its parts. 8ir John Herschel has proved 
that the existence of such a system is not tnconsistetit 
with ihn liiw of la^ftvitation under certaiu conditions. 

The distributinu of the nebula* over the heavens is 
even more in-pgutur than tliat of the stars. In some 
places they are so crowded together na scarcely to allow 
oHR to pass through the fielil of the telescope before 
another appears, while in other parts hours elapse with- 
out a single nebula fK^ourring. They are in general only 
to ije seen with the very best telescopes, and are most 
abundant in a zone whose general direction h not far 
from the hour circles 0^' and 12'S and which crosses the 
milky way nearly at right angles. Where that zooe 
crosses the conslellations Virgo^ Coma Berenices, and 
the (Jreat Benr, they are to be found in multitudes. 

Such is a brief ncconnt of the discoveries contained 
in Sir John Herschefa paper, whieh, for sublimity of 
vievTN and /mtient investigation. \mn wA l^ftctv s^\\T^B(ifi%«tl; 




METEORITES. 

To liiiu and to Sir Willinm Herschel we owe almost all 
tlaat 15 kijown of sidereal aatronomj i and in the iairai* 
table worka of thiit highly gifted father and son, the 
Bader wdl find this subject treated of in a style alto- 
ether worthy of it, and of them. 
Sir John Herschel hag discovered some new and 
wonderful objects in the southern hemisphere. Among 
lothors a beautiful planetaiy nebula, having a perfectly 
labiirp, well defined disc of uniform brightness^ exactly 
(^o a small planet with a satellite near its edge. Another 
' ; mentioned as l>eing very extraordinary from ita blue 
lUnt: but by far the most singular is a close double star 
l^ntraJly involved ia a nebulous atmosphere. 

So numerous are the objects wbich meet our view in 
Ithe heavens, that we cannot imagine a ptiit of space 
lirhere some li^lit wonld not strike the eye ;— innumera- 
Ible stars, thousands of double and multiple systems, clus* 
rters in one blaze with their tens of thousands of stars, 
limd the nebulae amazing us by the strangeness of their 
"orujs and the incomprehensibility of their nature, till at 
|]ast, from the hmit of our senses, even these thin and airy 
bn atoms vanish in the distance. If such remote bodies 
libono by reflected light, we should be unconscious of 
l^eir existence, Ericli star must then be a sun, and may 
I be presumed to have ita system of planets, satellites, 
ftnd comets, like our own ; and, for aught we know, 
I myriads of bodies may be wandering in space unseen 
Iby ua, of whose nature we can form no idea, and still 
[less of the part they perform in the economy of tho 
JlUiiverse. Even io our own system, or at its farthest 
Qits, minute bodies may be revolving like the new 
planets^ which are so small that their masses have hith- 
erto been inappreciable, and there may be many still 
ksmaller. Nor is this an unwarranted presumptioa; 
fnmny such do come within the sphere of the eiirth^a 
attraction, are ignited by the vebicity with which they 
piass tlirough the atmosphere, and are precipitated with 
great violence on the earth. The fall of meteoric stones 
is much more frequent than is generally believed. 
L Hardly a year passes without some histances oecurring; 
[Bud if it be considered that only a small part of the earth 
[10 inhfii^ited, it may be presumed thai numbei's fall in 
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the oceaii» ur on the iininliiibired part of the liind* iin- 
seeo by iimii. They are sometimes of grent ningnitude : 
the volume tit sevLiml IjttK oxceodedi tliat of the pJanet 
Ceres, which is about 7U miles in dintiw^ter* Oae which 
[jasitjd within 2h milen of us was estimated to weigh 
about (Hm.OUO toua, mid to uio?© w ith a velocity of »bout 
2U luiJes ill n siecond — a fragmetit of it alone readied 
the earths The oblkjuitj of the descent of meteorites, 
the peculiar subslauces they aio cornfxjsed of, nnd tho 
explosion a c company hi tf theh* full, tjhow that they are 
foreign to our sysiem- Luminous spots» all ogether m- 
dependeut of ihe ]jhiisesi, have occasionally appeared oo 
the dark part of the moon ; those iiave been ascribod to 
the light ari?iin|n from the eruption of volcanos ; whetice 
it haa boeu supposod that ineteorites have been projected 
from the moon by tlje inipetos of volcanic eriiptiou. It 
has even been computed, that if a stnne were projected 
from the mtjoii in n verlical line, with itii initial velocity 
of 10^092 feet in a .second — ^mt^re than four times the 
velocity of a buM when (ii^t discharged from a cannon — 
iustend of fdliug back to the moon by the attrnctioii of 
gravity, it w^ould come w^ithin tlie sphere of tho earth's 
iittractioa, and levolvi* about it like a nutelhte. These 
bodies, hope lied either by the direction of the pnoiitive 
iinpulHe, or by the disturbing actimj ot the suo^ nii{;ht 
ultimately (jeiietrate the earth's fitmos|)here, and arrive 
at tl^ surface, but it is imich uiore probable that they 
are asteroids revolving about the sim, and diverted irom 
their course by some disturbing force ; at all events, 
they must have a common origin, from the uniformity 
— we mity almost say ideutity— of their chemical com^ 
position. 

Shooting stars and meteors differ from aerolites m 
several respects. Tliey burst from the clear azure sky, 
and dartinii; along the ilea ve us, are OKtinguiahed without 
leaving any residuum, exce|>t a vApor-like smoke, and 
generally witijoot noise* Their t'tn'iillax sliows them 
to be very high iu the atiuosphere^ sometimes even be- 
yond its supposed limit, and the direction of Lbeir motion 
is for tho most part- diametrical ly opposite to tho motion 
of the earth in its orbit. Tlie astonishing muttitudes of 
stiooting stars and fire -balk thiLC have a^^eared within 
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fieae few years at stuted periods over tlie American 
"continent* and other parts of the globe, warrant the con- 
clusion that there is either a ncbiiJa, or lliat there are 
ittjy rinds of bodies revolving in gi"oiips roniid the »iin 
^hich oidy become visible when indamed by eotering 
ar atmosphere. 

One of these oebnla^ or i^roups seems to meet the 
arth in its annual revolution on the 12th and li'ith of 
!fovomber» 

On die morning of the 12tb of November, 1799, 
housnndii of shooting stars, uiixod witli birjt;© metetirs, 
Uuminated the heavens for many hours over the whole 
UDtinent of America, from Brav.il to Labrador : it px- 
ftuded to Ureeidand, iiud «ven G«rinany, Meteoiic 
"howera were seen off the coast of 8|wtn, and in the 
)hio country, ou the morning of the 13th of No- 
vember, 1H31 ; and during many hours on the morning 
f the 13th November, 1632, prodi^ous multitudes of 
hooting stars and meteors fell at M<>cha on the Red 
3ea, in the Atlantic, in Switzerland, and at mnny places 
England. But by much the most splendid meteoric 
hower on record began tit nine o'clock in the evening 
Httf the 12th of November, 1833, and lasted till sunrise 
next morninjt;. It extended from Niagara and the 
iiortliern lakes of America to liie south of Jamaica, and 
rom bl^ of longitude in the Atlantic to 100° of longi- 
flde in central Mexico. vShooting stars and meteors, of 
he opparent size of Jupiter, Venus, and even tlie full 
noon, d lined in rajTinds toward the horizon, ns if eveiy 
ar in the heavens had started ft'om their spheres. 
They are described aa having been lTe^(|uent as flakes of 
Qow in a snow-storm, and to have been seen with etfunl 
n-illiaucy over the greater part of the continent of 
' North America. 

Those who witnessed tins grand spectacle were sur- 
prised to see that every one of the hmiinous bodies, 
witliont exception, moved in lines which converged in 
one point in the heavens: none of them started from 
that point; but their paths, when traced backward^ 
met in it like rays in a focua, and the manner of their 
fall showed that they descended from it in nearly paral- 
ght tine a tofward the earth. 
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By fBV the mt>st extmorfiitifiry part ot" the whole phe* 
Dotiieaon is that thia radiant point was obsem'ed to re- ! 
main stutionaiy near the siar y Leoiiis for more thiin I 
two hours ttiid a half, which proved the source of die 
meteoric s^hower to be aJtogrether independent of the 
earth's rotation, nnd its jmrallax showed it to be &r 
above the atmoaphere. 

As a body coutd not be actually at I'est in that pcNU- 
tioD, the gi'oiip or nebula must either have been movttig 
round the eaith or the gun. Had it been iDovtnjg about 
fliG earth, the coui-se of tbt* meteors would have been 
tangential to its suriace, whereas they fnll fdiiiost per- 
pend icularly* Bo that the earth in its aiinnal revolution 
must have met with the group. The Inidies or the 
parts of ihe nebula that were nearest must have been 
attr»ctcMl to^vard tlie eartli by its gi'avity^ and as they 
were estimated to move at tlie rate of fourteen miles in 
n second, they must have taken fire on entering cair 
atniosphei-e, and been consumed in their passage through 
it. 

As all the circumatances of the phenomeDoo wej'o 
similar on the same day and during the sRmQ hours in 
1832, and ais extraordinar}'' fli^lits of shooting stars were 
aeeti at many places ImjiIi in Europe and America on 
ttie 13tb of November, 1834, WSb, and 1^36, tending 
also Irom a fixed {mint in the constellation Leo, it has 
been conjectured, with much apparent probability, that 
this nebuki or pfroup of bodies perfoniis its revolution 
round the sun in a period of about 182 days, in an ellip- 
tical orbit, whose major axis is 119 millions of miles; 
and that its aphcdion disttince, where it comes in contact 
witii the earth's atmossphere, is about 95 millions of 
miles, or nearly tlie same with the mean distance of 
tlie earth from tlie sun. This body must have met 
with disturbances after 1799, which prevented it from 
encountering the earth for 3i3 years, and it may agaia 
deviate from its (»ith from the f^aine cause. 

As early as the yenr lr!33, Professor Olmsted, oi 
Yale Collef;e in the LTnited States of America, had con- 
jectured that the phenomenon of shooting stars origi- 
nated in the zodiacal hfiht, oud his Hubsecjuent observa- 
tions, continued for three successive years, have tended 

k J 



SiCT. XXXVII. SHOOTING STARS. 385 

to confirm him in this opinion. lie agrees with La 
Place in thinking that the zodiacal light is a nebulous 
body, revolving in the plane of the solar equator. In 
fact, this light stretches beyond the earth's orbit, making 
an angle of about 7^° with the plane of the ecliptic, and 
aecording to observation, it is sometimes seen in the 
dawn, and sometimes in the twilight, like an inferior 
planet. It was seen by Professor Olmsted for several 
weeks previous to the 13th of November, in the morn- 
ing dawn, with an elongation (N. 231) of from 60° to 
90° west of the sun. It then by degi'oes withdrew from 
the morning sky, and appeared in the evenings imme- 
diately after twilight, rising hke a pyramid through the 
constellations Capricornus and Aquarius, to an elonga- 
tion of more tlian 90° eastward of the sun. A change 
like this taking place annually about the 13th of Novem- 
ber, has led the Professor to believe that it is to the 
zodiacal light we are indebted for tliose splendid exhibi- 
tions of falling stars which take place at tliat season. 

The orbit aheady described is that which he formerly 
assigned to this nebulous or cometary body, but he is 
now of opinion that it has a period of something less 
than a year, which would not only account for the shoot- 
ing stars of the 13th of November, but would also ac- 
count for those that happen at all seasons, and for some 
veiy great showers of them that have taken place on 
two occasions near the end of April. In the position 
aMigoed to this orbit by Professor Olmsted, showers of 
shooting stars may happen in November and April. 
Since the last edition of this book a very able memoir 
has been published by M. Biot, in which that great 
philosopher shows thiit in his opinion also, meteoric 
showers are owing to the zodiacal light coming into pe- 
riodic contact with the atmosphere of the earth. Which 
of these conjectures may be nearest the truth time alone 
pan show ; but certain it is that the recurrence of this 
phenomenon at tlie same season for seven successive 
years proves that it can arise from no accidental cause. 
25 Kit 
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Section XXXVIIL 

DiffiisiTiu of Mftitar through Spitcc— Gravitatitm— i-Ila Vijlocitf-eSinijjridtT 
of it! Lawi — GrHtitwtiuii indepf^nJfm uf tht Mo^itode and BisUd;-** w 
tbc Budiee— TSiol impelled by ihe lutcrvwEiticiw mf luiy SoUtUuta— Iti 
intpnsitj? iavtLnftble— Genariil Lawi — RecapiUitalioti nti^ Ccthclusioo^ 

The known qunntiiy of matter bears a very small pro- 
portion to tlie immensity of apace. Large as the bodies 
are, Ibe diatancoa wbicfi 5jepH*-"*?i thetn lire itnmensuni- 
bly gre liter ; but as design ia iiifest in every part of 
creation J it is probable tbat if i various ay&tema in the 
universe had beon iieflrer to —n another, their mutual 
disturbances would have beer sin si stent with the har- 
mony and stability of the wbi It is clear that space 

IB not pervaded by ntuiosphenc airr since it^ resistiince 
would, long ere tTiis, have destroyed the velocity of thf* 
planets ; neitlier can we aflirnri it to be a void, since it 
seems to be ropjete wilh ether, and traversed in all di- 
rections by light, heat, gravitation* and possibly by inflii^ 
ences whereof we can form nn idea. 

Wlintovfvr llie laws inoy be thnt ol^rain in the mnre 
distant regions of creation, we are assured that one alone 
regulates the motions, not only of our own system, but 
also of the binary systems of the fixed stars ; and as 
general laws form the ultimate object of philosophical re- 
search, we cannot conclude these remarks without con- 
sidering the nature of gravitation — that extraordinary 
power, whose effects we have been endeavoring to trace 
through some of their mazes. It was at one time im- 
agined that the acceleration in the moon's mean motion 
was occasioned by the successive transmission of the 
gravitating force. It has been proved, that in order to 
produce this effect, its velocity must be about fifty mill- 
ions of times greater than that of light, which flies at 
the rate of 200,000 miles in a second. Its action, even 
at the distance of the sun, may therefore be regarded 
us instantaneous ; yet so remote are the nearest of the 
fixed stars, that it may be doubted whether the sun has 
any sensible influence on them. 

The curves in which the celestial bodies move by the 
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force of grnvitatlon are odIj lines of the second order. 
The attraction of spheroids, according to any other law 
of force than that of gravitation, would be much more 
complicated ; and as it is easy to prove that matter might 
have been moved according to an infinite variety of laws, 
it may be concluded that gravitation must have been se- 
lected by Divine Wisdom out of an infinity of others, as 
being the most simple, and that which gives the great- 
est stability to the celestial motions. 

It is a singular result of the simplicity of the laws of 
nature, which admit only of the observation and com- 
parison of ratios, that the gravitation and theory of the 
motions of the celestial bodies are independent of their 
absolute magnitudes and distances. Consequently, if all 
the bodies of the solar system, their mutual distances, 
and their velocities, were to diminish proportionally, they 
would describe curves in all respects similar to those in 
which they now move ; and the system might be suc- 
cessively reduced to the smallest sensible dimensions, 
and still exhibit the same appearances. We learn by 
experience that a very ditforent law of attraction pre- 
vails when the particles of matter are placed within in- 
appreciable distances from each other, as in chemical 
uid capillary attraction, the attraction of cohesion, and 
molecular repulsion, yet it has been shown that in all 
probability not only these, but even gravitation itself, is 
only a particular case of the still more general principle 
of electric action. 

The action of the gravitating force is not impeded by 
the intervention even of the densest substances. If the 
attraction of the sun for the center of the earth, and of 
the hemisphere diametrically opposite to him, were di- 
minished by a difficulty in peneti-ating the interposed 
matter, the tides would be more obviously affected. Its 
attraction is the same also, whatever the substances of 
the celestial bodies may be ; for if the action of the sun 
upon the earth differed by a millionth part from his ac- 
tion upon the moon, the difference would occasion, a 
periodical variation in the moon's pai-allax, whose maxi- 
mum would be the ^V ^^ ^ second, and also a variation in 
her longitude amounting to several seconds, a supposi- 
tion proved to be impossible, by the agreement of theory 
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With observation. Thus aU mntt^r is pervious to gruTV 
t&tlon, and is equBHy nttmcted by it. 

Gravitation is a feeble forcL>» vastly inferior to electric 
actioD, cheniicTiI afliaity, Jind cohesion; yet as ffir as 
human knowledge exteads, the intensity of jrritvitatfott 
has never varied within tho limits of the solar system : 
nor does even aaalogy lead us to expect that it showkl: 
on the contrary, there is every reason to be assured thttl 
the great laws of the universe are immutable, like their 
Author. Not only thr sun and planets, but the uii- 
nutesi particles, in all the varieties of their attraetions 
nut! repiilsioos, — nay, even the imponderable matteroftlin 
electric, galvanic, or magnetic fJnid, — are all obedient to 
permanent bws» though wo may not be able in every case 
to resolve their phenomena into f^enend principfes. Nor 
can we suppose the structure of the globe alone to be 
exempt Irom the universRl fiat, though ages may pftfls 
liefore the changes it has undergone, or that are now in 
progress, can be referred to existing cause*; with the 
same certainty with which the motions of the p!arie!s> 
and all their penodic and secular variations, are refera- 
ble to tlie law of graviiatiou. The trnces of extreme 
antiquity perpetufdly occurring to the geolotjist give that 
information, as to the origin of things, in vain looked for 
in the other parts of the nniverae. They date the be- 
ginning of time with rcj^mrJ to our system ; sioce tliere 
is ground to believe tliat ihe formation of the earth was 
cootomponLueons with that of the rest of the planets; 
but they show llint creation is the work of Ilim with 
whom ^' a thousand years are as one day, and one day 
as a thousand years.'* 

In the work now brought to a couclusion, it has been 
necessary to select from the wdiole circle of the sciences 
a tow of the most obvious of tiiose proximate links which 
eonnect them together, and to pans over intinTnembJe 
cases both of evident and occult alliance. Any one 
brauch traced through its nui3ifications would olone have 
occupierl a vcdnme ; it is hoped, n ere rthe less, that the 
view here given will suffice to show the extent to which 
a conBidorntitHi of the reciprncrd iulhience of even a few 
of these Buhjects may ultinintely lead. It thus appeara 
that the theory of dyuttnucs, founded upon terrestrial 




phenomena, is indispensable for acquiring a knowledge 
3f the revolutions of the celestial bodies and their recip- 
rocal influenced. The motions of the satellites are af- 
fected by the forms of their primaries, and the tignres 
of the planets themselves depend upon their rotations. 
The symmetry of their internal structure proves the 
stability of these rotatory motions, and the immutability 
of the length of the day, which furnishes an invariable 
standard of time ; and the actual size of the terrestrial 
sj^eroid affords the means of ascertaining the dimensions 
of the solar system, and provides an invariable founda- 
tion for a system of weights and measures. The mutual 
attraction of the celestial bodies disturbs the fluids at 
theur surfaces, whence the theory of the tides and of the 
oscillations of the atmosphere. The density and elas- 
ticity of the air, varying with every alternation of tem- 
perature, lead to the consideration of barometrical 
changes, the measurement of heights, and capillary at- 
traction ; and the doctrine of sound, iocluding the theory 
of music, is to be referred to the small undulations of 
the atrial medium. A knowledge of the action of mat- 
ter upon light is requisite for tracing the curved path of 
its rays through the atmosphere, by which the true 
places of distant objects are determined whether in the 
heavens or on the earth. By this we learn the nature 
and properties of the sunbeam, the mode of its propaga- 
tion through the ethereal fluid, or in the interior of ma- 
terial bodies, and the origin of color. By the eclipses of 
Jupiter's satellites, the velocity of light is ascertained ; and 
that velocity, in the aberration of the fixed stars, fur- 
nishes the only direct proof of the real motion of the 
earth. The effects of the invisible rays of light are im- 
mediately connected with chemical action ; and heat, 
forming a part of the solar ray so essential to animated 
and inanimated existence, whether considered as invisi- 
ble lighter as a distinct quality, is too important an agent 
in the economy of creation, not to hold a principal place 
in the connection of physical sciences. Whence follows 
its distribution in the interior and over the surface of the 
globe, its power on the geological convulsions of our 
planet, its influence on the atmosphere and on climate, 
and its efiects on vegetable and animal life, evinced hi 
kk2 
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|lw an oninfe, as m fin, 1 ; il U ihen called ml oblale spheroid, 
lis ttaiwn^il u\ the polt^« N iind S. Such " " 

T 1b ihii i'otm of the annh nnri phiDei*. 
I Wheii, on the contrary. It id drawn uul 
I of Itifi piAes iikb an e^, a:^ in ^■. )i. it i« 
[ galled u proiaic KphcroiJ. Ii Se nvideiit 
thht in biith thc^c tHjhdA tine radii C q, (J a, 
C iN, itc., lire generally unequal ; whoru- 
i iuB In the sphere ihey arc all equal. 

NoTTC 10, p, 4 — Coit«r af gT-ttpit^. A 
point 111 every body, which ifHupporti'd, 
the Ijixly will reitiatti at rest in w bat- 3 [ 
t^ver i^Tosiiioci il may be plfl€4?d, Ahoiit 
Ihm prjint ail the pans tjuui^ily hnlaRce 
erne ajioiheir. The piilfsital hudle^ at- 
tract each other as if each wore con- 
dmnec) into a single pnrficle situnt« in 
Uae center of gnivity, or tlnj pnni<-le situ- 
ate in the c^hier uf prnviiy <ff cnch uioy 
he rcifarded as posMs^ing ihe n-saltani 
power fjf the iimnmcrabla ublifiuc forces which constitute the wliolfl 
atimcthm of ihtf IxKly, 

NoTK II, pp, i.ft.—Poien and t^uaior. I.pt fig. 1 Of 3 represent ibB 
earth, C \\n center, N C9 the aria of rolatlnn, or Urte lino^innry Hoc abrol 
which 1 1 pcrfonrt't SB dnily revolution. Then N nnd t? are the north mid 
fOiiih poJe^, and the {rrcni circle f £ Q, which dirides the earth into two 
equal |jajt«, ia the etfuator. The - - 

earth \s flattened at ihi? p<ilea fig. 
1, tht? f:{|unturial diauHtcr, q Q, 
exceeding the pilar din meter, N 3^ 
by about Hi\ mile*, Lessor cir- 
cles, A n Cj, which aril!! |iarnllel to 
thecqiaator^ ore circles or txirnllela 
of i»iiturl«, which is esdmaiwl in 
d^reett, minu-iuis, and aecundja^ 
north Hiid south uf ilic equator, 
evur>' place in Uic tiiuue iiiiirallci 
havlJig the eauie hktitudc -. Groen- 
Mich isf ill the prLrnlk'l nrjil3::Jfe!'40'\ 
Thus tf-rrcistrial htlicude \% the an- 
gular distance between the direo- 
tlon of a pluiuhditie at any piece 
and tlie plane of the equntor. 
Unc*H such aa x\QS, NGES, 
%. 3i, are cji.lled meridians; alt tlte places in any onn (if the»e lines hav« 
nortfi lit the same Instant. Thu incridlati of Greenwich has been chr>»en 
by the British as the origin uf Urresirial h^ngitude^ which is esiinnted in 
degretA, minuted, twd second*, eaast and west of that line. If N G E8 tie 
the meridian uf Green wich, the position of Finy place^ B, is dtiterniiaedt 
when ita latitude, Q€Tfl, and its longitude, ECQ., arc known. 

NoTK 1% p. A, — AJean fuaHtities Eire such as are intcrmedinte between 
others that are Rrcater and less. The matin of any number of uncquol 
tmantities is equal lo iholr sum divided by their nutuher. Fur Lnst{tnc«, 
the mean l>etween two unequal qufinlitiea is equal Im hulf their sum. 
NoTR 13, p. 4. — A ff-rtfiin mran iaiiiiidf. Th** altrnctSon of a sphere on 
I* if ita iinifl* were collecied intutyn© heitvy 
, Mui the ialensiiy of it» attriictlou dlinln- 
j square of lis distance from Uie exteroai body iacrease*. But 




an (ixtcrnnl biwly L^ the Huaie an if il 
Particle in its center of i;T:ivity, tuid 
wheal as the square of its distanc: fi 
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} BttTDcLioa of a splieroid, fig. ), cm an cxteniril bnrfy ai m m tlie filnue 
fltx equator, ]^U, i« greattT, and its iittracUon un the siime Ixjdy wtien 
i m' \o ibe atia \ S lesm than if il were u sphere^ Tlierefcue, iti IwUl 
fc, itMJ lOTfie <l«*viates frmu tin; t'jfntt Isiw of gimvily. This {levluiiun i 
I ffom the pmttjlterrtnt runtit-T Rt the eijuBifir ; and iig it rliminifilact J 
rd the poles, so dmtJt the olttititive forte of tht? sphenoid. But theitt j 
k one uicnii latitude, where the nitmrtioi] of a. A]ih<^roid is the saQie iia J 
fit were a .■phcfe. It is a part of the sph»roSd mlornicidiale between thlj 
jualor and the pule. In thnt Intltiidc the stjiiiitc of the iiiifi la equal to 
of the equ atonal mdiiis. 

KoTX Ht p» 4.— Mean distance^ The mean diatance of a planoi from 
!P centef of the sun. or of a t^atcllite froni tiie cuntor of Ils pliinet, l» 
[ual 10 htilf the fiium of ks( fi;reatjej>t anji teasl di^ttinccjs, and CH:»nm'4|ueiit]y 
C!qual to half Ihi? inajnr ax\A of lis orhit. For eimnple, let P Q: A D, 
p. 6v be the orbit or patJi of ihc moon or of a ptanel; tlien P A is the 
>joT a.xiSr C The center, and C? £s cqml to C F. Now, since the enrih 
the sun l* supposed lo be in the polrji 3 accordlnji; as P D A Q i» regardiid 
I r^ri^iit* rnoon or thai nf a pFatut, S A, l:i P arc the prralR*t nnd 
. But half lite mm of t^ A and i? I* i» tHpia] lo half of A P, i 
|lli of the tirbii. Whpn the hiwly la at Q nr l\ H is ai in-^ 

. .^. ,i.t..ck. from S, for S Q^ S D are cachequul to C U, hoU" the luajaf 'I 
by lh« nature of the ctirve. 

OT« 15, p. 4. — Afean radius of Uu «ar<A. The distance from the ecu- ' 
lo the snrface of the earth, regarded aa a sphere. It la tnternic>dbte 
ween th« dlsrloncea of the cc^nter of the earth frr»Ki iho |iole nnd Itqio 
equator. 

NoxK IG, p. 5. — Ratio. The relation which one quantity bean tii 
ithcr. 

NoTK 17, p. 5. — Square of moon*3 distaieer. In order to avnui iarjBO 
ber». Ihe Tu^an rndiua of tite cnrih let irtken for unity : then the mertn 
ice tjif the moon Is eipressetl l>y GO; and the e^iuare of that number 

9CMK], or 60 times m. 

NoTK ISf p, 5, — CeittrifHffal farte. The force with which r nivnlving 
iHidy tenda to fiy front the cent^^r of mntlon : a sling tendj to fly from ihft 
hand in coniieqiiience of the centflfkipal ^<*^ce^ A tniiii|!ent is tt straight II a« 
touchinijr a curveil line in one point wiihaut CLitiing tt, as mT, %.4. The 
dlrentioii of the centrifu^'iU fi^rtre la 
hi the tangent to the turvcd line or 
path in which the iHwIy revolves, 
and its intensity increase* with the 
luieular xwingof the body, and with 
itsili^tnnce from the c+_'nter of mi> 
tion. A» the ortiit nf the moon dt>eB 
not inifer nnu'h from a itircle, let it 
be fBpTlHlenti^d by m djr k, fig> 4, 
the iwifth being In i"^ The centri- * 
fi^l force arising i>om the velocitjr 
of the n>Don In her orbit balances 
th« attrof ticjti tif the earth. By ihelr 
Jnint ticiion,the rnrmn moves thmun^h 
the arc m n during the time that f^he 
would ffy o0' in the tangent wT by 
the BCtiun of the ■renlrifogal farce 
alone, or fall throa^h mp hy the 
oftrih> attraction nione. T «, iho 
deflrctb>n from tiiu tangent. Is pttfallel and equal to w^p, the verseit ilne^ 
of the arc m «, »upp»s*?"i ttn be moved over by the ukkmi la a second r »ad 
lliffrefure so very wiiail tlial U ruay be ngarded &a a straight liiie^ Tii, 
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ting a eone. A cone it a solid figure, like a sugar-loaf, flg. 5, of which A 
is the apex, AD the axis, and the plane BECF tiie base. The axis 
may or .may not be perpendicular to the base, and the base may be a 
circle, ur any other curved line. When the axis is perpendicular to the 
base, the solid is a right cone. If a right cone with a circular base be cut 
at right angles to the base by a plane passing through the apex, the sec- 
tion will be a triangle. If the cone be cut through both sides by a plane 
parallel to the base, the section will be a circle. If the cone be cut slanting 
quite through both sides, the section will be an ellipse, fig. 6. If the cone 
be cut parallel to one of the sloping sides, as A B, the section will be a 
parabola, fig. 7. And if the plane cut only one side of the cone, and be not 
parallel to the other, the.section will be a hyperbola, fig. 8. Thus there 
are five conic sections. 

NoTB 23, p. 5. — Inverse square of distance. The attraction of one body 
tnt another at the dbtance of two miles is four times less than at the 
distance of one mile ; at three miles, it is nine times less than at one ; at 
fbnr miles, it is sixteen times less, and so on. That is, the gravitating 
force decreases in intensity as the squares of the distance increase. 

NoTB 24, p. 5.— Ellipse. One of the conic sections, fig. 6. An ellipse 
may be drawn by fixing the ends of a string to two points, S and F, in a 
sheet of paper, and then carrying the point of a pencil round in the loop 
of the string Icept stretched, the length of the string being greater than 
the distance between the two points. The points S and F are called the 
fbcl, C the center, SC or CF the eccentricity, A P the major axis, Q,D 
the minor axis, and P S the focal distance. It is evident that the less the 
eccentricity CS, the nearer does the ellipse approach to a circle; and 
from the construction it is clear that the length of the string S m F is 
equal to the major axis PA. If T t be a tangent to the ellipse at m, then 
the angle T m S is equal to the angle tmF; and as this is true for every 
point in the eirqiee, it follows, that in an elliptical reflecting surface, rays 
of light or sound coming from one focus S will be reflected by the surface 
to the other focus F, since the angle of incidence Is equal to the angle of 
reflection by the theories of light and sound. 

Note 25, p. 5.— Periodic time. The time in which a planet or comet 
performs a revolution round the sun, or a satellite about its planet. 

Note 26, p. 5. Kepler discovered three laws in the planetary motions 
by which the principle of gravitation is established:— Ist law, That the 
radii vectores of the planets and comets describe areas proportional to the 
time. Let fig. 9 be the orbit of a planet ; Fiff. 0. 

tiien supposing the spaces or areas PSj?, 
jiSo, aSb, Slc. equal to one another, the 
radius vector SP, Which is the line joining 
the centers of the sun and planet, passes 
over these equal spaces in equal times, 
that is, if the line S P passes to S;9 in one f> f. 
day, It will come to S a in two days, to S 6 
In three days, and so on. 3d law. That the 
orbits or paths of the planets and comets 
are conic sections, having the sun in one of 
their foci. The orbits of the planets and 
satellites are curves like fig. 6 or 9, called 
ellipses, having the sun in the focus S. Three comets are known to 
move in elti|)ses, but the greater part seem to move in parabolas, fig. 7, 
having the sun in S, thou(^ it is probable that they really move in very 
long flat ellipses; otiiers appear to move in hyiHirbolas, like fig. 8. The 
third law is, that the squares of the periodic times of the planets are pro- 
portional to the cubes of their mean distances from the sun. The square 
of a number Is that number multiplied by itself, and the cube of a uum- 




aavim. 
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I Ihftl number iwloc iiiuhi|J^ied by liself. For oxaijipte. tlit? squares 
„• nttmli^ni % 3, 4. &,c. an? 4, 9, 16^ «tc., but ibeir ciiIk»» nre 8. vT, 6i 
Then Lhf! M|uarP8 of ihe numbers ropreHenUug the |>eruftlic jlitiies of 
two iiJurtcts nre Ui une anoihcr lui ilie cubeit of ihe iiij[ii.b(:r!i rtftireTeiitfai 
Iheir meiin dismuces frmn the mm. So ihat lhn;c ttf Uitrite quantiiio* 
|„.i.,.r k.H.uii, ihe olhcr may Iw found by itie rule of ihrou. The- uieM 
' iiie»i;ufed in tolieit itr torrenirknl rtuUt,fuid the peiiudk Uino 
I in yearsr duys^ tiud parts of & diiy . Kvpfer's l&w« cxlead to 
L.. - - ^. . • •>. 

MoTit ^, p. 5. — JMagt. The qiianiJty of inniter in b given bulk. It It 
prctpurtionni Ic> ih« ileni^ty and volume or Ltilk conjointly, 

NoTx58, p. 5.— OroFiY«tra« propifTimnal to maits. But for th*» TWiiW- 
Knee of the air, all ttudies Wfnjld fall to the lifmund in «qunl limes. To 
ffict ft hundred cqunl pAriicle^ of mutter at equal distAnce* fn^m Ihe nir 
We *if the rnnh would fall to tiie fcruund in parallel straljEht linm whli 
equnl tat»dity, and no change whati^ver wrold take place Iti thfl ctrmMh 
•tHACen nf iheir descent, il !H^ of ttieni were iiniled in one mtUd itittit; Ar 
Uic solid totim luitf the s\n^]e particle wonld Ujqch the groujtd u ite 
■nmn mtant, were it noi for the resistance of the nU. 

NoTc 99, p. y—PrfmaTy flgniftoB. In a«tronomy. the pUnct about whlcl 
a Niettile revolves. The earth is primary lo lh«i tuoon. 

NoTB 30, p. C— Rotolwot. iMoiion rciund an axU, wsJil or imneln&ry. 

NoTK 31, p.7.— t4»iBipr«ji>n w/a spheroid. The ITattening at Ihc p<»let. 
It l» (.njucd lo the ditfcreiico between tjie preaiest and le^t diametere. 
div tileit by the gr«jnicAi ; Uieac quatttltle* being o?cpref«iK;d In some Kaad- 
unl measure, na Rdte:^. 

NoTK 3-, p. l.—SaUiliUii. i?nuv[l iM-mJie* revolving &k)ut aume of llie 
plmnets. The tuuon is u sutcllite %*i t2ie earth. 

NoTK 33, p. 7. — JVufdtit^ii. A ntitUlio^f motion in ihc; earth'tf nilit whUt 
in rotaiton, ttliiiilar lo that observed l\\ thi? Mpinnititr of » top. It I*, pro- 
tliw^^l by lite attrncUon of the sun and nwnm on the prutaberojat lualtcr 
at the terrestrial etjukator. 

NoTK 3^, p. 1^—JixU »f Rotation. The line, real or imnfrlinary, nbtfut 
which a iMnly revotvefl. I'htf axis of ih« earth's rotation U Uini dlanetet, 
iu lomginary Hue, |j4i»Ria^ thr4ni|;h the ceoteraud both |H>leii. Fig. 1 being 
thti e^^rth, N 8 1» ihe axi* c»f rutaiTon, 

KoTS 3i, p. l.—J'J'utatittH nf lunar orbit, Thi* nctlnn of the bnlglof 
nintier nt the pftrth^s equator oti the moon rKMn,«ion!» a varhition in the 
Inclination of the lunur nrbit to the plane of the ecliptic. HitppiMe ilie 
I d runt* Spn.fig. 13. 111. ho the ortilt nf the mi>mitBtiHl N m n the plane of tire 
ecHptic^ Ihe eanli'» acllon mi the mo<in causes the nnjtle jtNm li> heeninft 
less or crenier ihan its tocao state. The nutation In the lunar orWi b Ui6 
reacii*m of the aulntion In the earth's axls^ 

NoTK 34^, p. 7,— TrAn^iated, Carried fonvnrd In fipnco. 

NoTK ST, p. 9,— Force proportiunai to ^alocit^^ Since a ibrce \m ineii»^ 
ureil by lU* eOucU the uiotious of the botlies of the $ol&r sv^-ieiit ciuionf 
theia»elveB vvouid be the !»aioe ivlwJther the system be at r< ho 

real liiodun of a per«)on walkinR the deck uf a ship at no:* d; 

of lilsown motion nnd (hut of the Hliip, yet each taktw plttr. iiy 

of the oThtr. We walk aJnHit a* if the earth were at resr, Lh.ii^!;U ti hu 
the double motion of rotation on \\» nxts and revolitiion round the guq, 

NoTi 39, p. 1*. — Tnngrnt. A fllril^ht line which touche* a curved 
line in one iwtnt without ciittinp \i. In flg. 4, isT Is inofrent to the cnrwm 
In the (wlnt trt. In a circle the tanfj^ent U ut rl^ht an|;l<» to tl»o racHuaCiM. 

IfoT* 39» p. S^—Jiffftian in an t:fiiptical jirttiL A planet m, flit- *, move* 
rwuMl Ilie sua m S la an ell Ipse PD AQ., in consequofico of Wo fofc«« 
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one urging it in the direction of the tangent mT, and another palling it 
townrd the sun in the direction ntS. Its velocity, which is greatest at 
P, decreases throughout the arc to P D A to A, where it is least, and 
increases continualiy as it moves along the arc A dP till it comes to P 
again. The whole force producing the elUptical motion varies inversely 
as the square of the distance. See Note 23. 

Note 40, p. Q.—RatUi vectores. Imaginary lines joining the center of 
the sun and the center of a planet or comet, or the centers of a planet and 
ils satellite. In the circle, the radii are all equni ; but in on ellipse, fig. 6, 
the radius vector S A is greater, and S P less than all the others. The 
radii vectores, S Q, S D, are equal to C A or C P, half the mnjor axis P A, 
and consequently equal to the mean distance. A planet is at its mean 
distance from the sun wlien in the points Q, and D. 

NoTX 41, p. 9.— Equal areas in equal times. See Kepler's Ist law in 
Note 26, p. 5. 

NoTK 42, p. 8.— Major Axis. The line P A, fig. 6 or 10. 

NoTB 43, p. 9.—^ the placet de- JB_ Fig. 10. 

served a circle, ire. The motion of 
a planet about the tun, \n a circle 
A B P, fig. 10, whoae radius C A is 
equal to the planet's mean distance 
AtMH him, would be equable, that 
is, its velocity, or speed, would al- 
wavs he the same. Whereas, if it 
moved in the ellipse A Q P, its 
speed would be continually vary- 
ing, by Note 39 ; but its motion is 
such, tliat the time elapsing be- 
tween its departure from P, and its 
return to that point again, would be 
the same, whether it moved in the 
circle or in the ellipse ; for these 
carves coincide in the points P & A. 

Nora 44, p. 9.— Tra* motion. ' The motion of a body in its real orbit 
PDA a, fig. 10. 

NoTB 45, p. 9.— Jfran motion. Equable motion in a circle P E A B, 
fig. 10, at Uie mean distance C P or C m, in the time that tlie body would 
accompli:di a revolution in its elUptical orbit P D A Q. 

Nora 40, p. 9.— The equi- 




nox. Fig. 11 represents the 
celestial sphere, and C its 
canter, wliere ilie earth is sup- 
posed to be. 9 T a :^ is the 
equinoctiiil or great circle, 
traced in the starry heavens 
by^an imaginary extension of 
the plane of the terrestrial 
equator, and £ T e ^:h is the 
ecliptic, or apparent path of " 
the sun rotmd the earth. T rC^ 
the intersection of these two 
planes, is the line of the equi- 
noxes; T is the vernal equi- 
nox, and :£^ the autumnal. 
When the sun is in these 
points, the days and nights 
are eqaal. They arc distant 
from one another by a semi- 



Fig. 11. 
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ie, or two rl^Ut nnple^. Tli« potnts £ and t nre the Hol«tiqd[ 

!ru tlic SUA ia HI hla greaiesl ilisliiujcc fruin ihe ei|uiDOf:tilK 

The equinocilal Is every wh*. re ulineiy dt|treti* rlUtant fVom tu |m>II«« 

N and ti^ wbich ftro twn p<iinii> iruinietrically oppM«ite to unc uiioUier, 

vUerc the axis of the eurth's rotation, if prolonged, would meet tbe 

'^ evens. TIxk northetti celexttal pole N U within l'^ ii4' of the poI« 

A» the Utititdff of uny place on the surface of \he earth, iit c<iual m 

height of the im>I() >ibuve the horizon, it \s easUy detenuiiii^ liy 

Kwrx^ation. The ecliptic E T c r^^t Is hIbo everywhere ninety degree* 

jsinul from ita polc?f l^ nnd p- The ungle l*CN, between the poles P 

L N of the cquiiic'ctiul and ecliptic, is cquul h> the ungLe « C U, calM 

i obliquily of the eciiplic, 

''NoTK 47, p. 9.—LoHgitvde. The vernal t;<]iii(tax, T, Gg, 11, ia die 

tero }xnnt in the heavena whence ci'leatial Vrvngituiles, cw the angidv 

■loilons of the celestltil Iwdlea, nrt> esiiiouied from west to eaai, Xh» 

irectiou in v hich they all revolve. Tho vcr nal equinux l» gen-cmlly 

__ illed the frnt ^K>lnt of Aries, though these two fwints have nut etjUir 

fVi. sincf the enxly tk%es of iistronoiny, aboul 2233 years a^o, on arcouat 
i^inotlon in the equinoctial \^nnKs^ to be e,Tr(>liiinetl heffiificr. If S T, 
lO, lie tlio line of die eqiiinoju^s, Mini T the vernni equlnox> the tnip 
loni^tmje of a planet p is IJie angle T Bp, hdiI itn mean longitude Is tb« 
ttogle T C wi^ the sun iK^lnp; In B, Celestial longitude H ihe ftufulnr 
difttatice of n beavunly inii\y from the vcrnnl equinox ; w hereaii lerrw- 
trtnl longitude is the angulHr distance of a idute on Ihe surfitce of the 
eatlh Iroiii a meridian arbitrarily chtwfeU, as that of Greenwich. 

KoTK 48, |jp. 9,57, — Equnlion (tf tAc cantt^r. The difference between 
TCman*! I t^jj, ftg. 10 ; thai lis Ihe ditftrence between Ihe true and 
mean longHuilea of a planet or siitelUte, The true and ineiin plnces oaly 
coincide In the points I* and A; h] every other point of the orbit, the 
true place Isj eittier iKefore or bebinfl Ihe mean |jlace. In iiiovitij^ friwn A 
through the arc- A Q P, tlie inn; place p U Ix^hlnd ihe iiienn nlai« m*, 
and through the arc I' D A ihe Iriie |*lrici.' i« before ihe mean place. At 
its tuaxlrmim, ihe equHiion of ihe center measurea V t3, the eccentricity 
of the orbitj since li is the ditferHnce belween the moiiivn of a body in 

»nn ellipse antl in & circle whose dirimeti?r AP 1b the major axis of the 
ellipse. 
NoTK 49, p. ^.—.^psidas. The points V and A, ftg. 10, at the ei- 
ircinlties of the niajor axis of an orbiL P }« commonly culled Ihie 
perihelion, a Greek term, sij^aSfjlng mund the svn ; and the ptilnt A U 
called the aphelion, a tireek tenii, signifying at a dtuiancs jrmn the amn, 
NoTB 50, p. 9. JVinety dc^rffs. A circle is divided into 3C0 t-qiml 

piirlM, or degrees ; eFni;h degree iato 01 1 qoal p^irt*, calh'd mltoiteg ; and 
eiicb aiinuie inlfi (JW cqiisil v^vIa, tailed Ktconda, It U usual lo write 
c« thitB, 150 16' l^'\ which niennii fifteen degn 



Ti, ti;;- 4. meaiiurefi 



liieae quuBtitlc« 

minutes, and ten Hcnnds, It Is clear that an arc 

the anflo iwC w; heme we may any, an arc ot so many tJegri»ei. or nn 

Rncle u( m witiny deijr^ees: f"r If there be ten di^gree* lii the an«lc 

m Cn there will be tea degrees in the arc m n. It is evident that there 

are iVp in rnljlhl angle, mC xi, or quadrant, biiieo U is the fourth \mn 

Note 51 D 9— OiracErfl lurM. A cislesHal budy is said lo be in quad- 
mhire wheli it i^ W degrees dlsUint Ironi the Hiin. For example, li, fig. 
U If rf be the Hun, ^ ibe eartli. and P the wioon, then the umm is wiid lo 
i In mmdr^ i^rwben .he is in eliher of the iH^inl. U or U. b.cjnn.e ll.e 
SSbI^s tis i and DSd, which uiea^are her apparent dbuince from tiie 
jiun, are fight angles. ^ , . , • . r t «- 

v np„ "^i . « ir,^rj-wtricitit> Tk-vinltott from circular lorm. lu Og. 
6,cT^ l^';^l«^yTl^ crbU. r a A D. Tte lc« cs, u*„« 
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nearly does the orliit or ellipse opproach the circular form ; and when 
' C8 is zero, the ellipse becomes a circle. 

Ncrrs 53, p. 9.-^ Inclination of an jtrhit. Let S, fig. 12, be tbe center 
(rf* tlie sun, F N A K, the orbit p^ 22 

of a plauet moving from west r * 

to east in the direction N p. A^.-r.. 

Let E N «« tt be the shadow ^-^"-'^^f \ 

or projection of the orbit on y\.''' l^X'V 

the plane of the ecliptic, then £ / ' 

NS» SB the intersection of ' 

these two planes, for the orbif ~ 

rises above the plane of the p\ 

ecliptic toward Np, and sinks 

below it at N P. The angle ^,,^^,^^^ , _^j<- -^ ^w 

]»N«, which these two planes ^ * ■ "-Tg^Mi i ^ ^""^ 

make with one another, is the N '"*' 

inclination of the orbit P N;» A to the plane of the ecliptic. 

NoTB 54, p. 9.— latitude of a planet. The angle p Sm, fig. 12, or the 
height of the planet p above the ecliptic E N m. In this case the latitude 
is north. Thus, celestial latitude is the angular distance of a celestial 
body from the plane of the ecliptic, whereas terrestrial latitude is the 
angular distance of a place on the surface of the earth from the equator. 

NoTK 55, p. 10,— erodes. The two points N and «, fig. 12, in which 
the orbit NA»P of a planet or comet intersects the plane of the 
ecliptic e N E n. The part N A n of the orbit lies above the plane of 
the ecliptic, and the part nPN below it. The ascending node ri is the 
point through which the body passes in rising above the plane of the 
ecliptic, and the descending node n is the point in which the body sinks 
below IL Tbe ncxies of a satellite's orbit are the points in which it 
intersects the plane of the orbit of the planet. 

NoTB 56, p. 10.— Distance from the sun. S p in fig. 12. If T be the 
vernal equinox, then T Sp is the longitude of the planet p, m Sp is its 
latitude, and S^ its distance from the sun. When these three quantities 
are known, the place of the planet p is determined in space. 

Note 57, pp. 10, SS.—Elements of an orbit. Of these there ore seven. 
Let P N A n, fig. 12, be the elliptical orbit of a planet, C its center, S the 
ran in one of the foci, T the point of Aries, and EN «» the plane of the 
ecliptic. The elements are, the major axis A P ; the eccentricity C S ; 
the periodic time, that is, the time of a complete revolution of the body 
in its orbit; and the fourth is the longitude of the body at any given in- 
stant: for example, that at which it passes through the perihelion, P, the 
point of its orbit nearest to the sun. That instant is assumed us the origin 
'of tone, whence all preceding and succeeding periods are estimated. 
These four quantities are sufiiclent to determine the form of the orbit and 
the motion of the body in it. Three other elements are requisite for 
determining the position of the orbit in space. These arc, the angle 
T s3P, the longitude of the perihelion; the angle A N e, which is the 
inclination of me orbit to the plane of the ecliptic ; and lastly, the angle 
T 8 N, the longitude of N the ascending node. 

NoTB 58, p. 10.— Whose planes, <S-c. The planes of the orbits, as 
P N A n, fig. 12, in which the planets move, are inclined or make small 
angles e N A with the plane of the ecliptic EN en, and cut it In straight 
lines, N S n passing through S the center of the sun. 

NoTB 59, p. ii.— Momentum. Force measured by the weight of a 
body and its speed, or simple velocity, conjointly. The primitive momen- 
tum of the planets is, therefore, the quantity of motion which was im- 
prossed upon them wlien they were first thrown into space. 

NoTB 60, p. l%— Unstable equilibrium. A body is said to be in equili- 
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brinm when It Ir bo balancpd as to remain at rest. But llierp nrp tiro 
kmii* of ciiiiilibHiirti. HaHc und unstabh. It' a body b<ilanr< 
eiitiitWiriiMit be sltRlvrly dlsturbrdr it tvili endeavor Uj reium i 
tiuoib€rr ui lU'tvumeiit^ lo nnd iu\ which will contfnuully «;- 
they CBJii* ft(t{>i|t'ther, and ihf-ii I he Iwiciy wUl IJ-e Rji^lurcd ifi U- orJiiiiirii 
stAii- of repuists Hui If tin? li^iiiUlluiiitifc lie misiriililc*, Ibetic iiKiivcTneata to 
and fn)« F>r fti-cilUtloas, will l]«^c^oiu«f greater and greater till the et|Ulll 
lifUini Is destruyud. 

N'oTK fil, p. 13. — lietrngrade-. Coing backward, as from eoslfo WMt, 
conuary lo ihc (notloo cif the planets. 

NoTK (j^. p. H — Paraliel directionjs, Siith fw never meet^ though 
pfnloogrd ever bo far. 



^ 



NoTi: 03, p|». 14. IB.— r** vshole force, ^-c, 
N m n tht; plane of the eclipik, p ttic diJi' 
turbed plnrici muvlni^ in ita orbil tipN, aod 
d Uw dislnrbfnjs planet- Now, rf altracU-) the 
»uo niid itie pliin^'t/p with diRereni mtcn^ities 
i-n ihedlrf^r.iJMiis rf S, tfjai : the ditferencc only 
of these larr^fl di-^ttiiU ihe lumlon of jn ; it 
Li, there fc^re, caJ led the disturbing force. But 
tliU wlio]e disiurbinR: fitrre may be regarded 
a» t-'tjuivalfiji to ttxrt'fl ff*rces /acting m the 
dlrectiimrtp S, pT, and pm. Tlie force ucl- 
ing in the riidiujs vociur p 9^ joining the cen- 
ters {jf the sun and pJanet. U C4itlttd itte 
radial /trr«. It B44ue times drrm» the dis- 
turbed ptmtet p fnmt Che sun, and aimetlraes 
brhigs it nearer lo him. The force which 
acts in the directum uf the laniicai. p T, 
In citlled ibe tattgeuliaJ farce. It di^mrb!! 
the motion of j» in liHigitade, that w, it accol- 
er&tes it» motion iu some parlu, of its orbit 

i 



L«t B, %. la, be the ffim* 
FYjT 13. 





andr*jtard<sit 
in iithers, so 
that the ra- 
di(4i« vectriT 
H p diicis nul 
move ttvut 
ci|Um1 areas 
in ecjual tUoes. 
U plPt in thejMtbiEiun of tin : M. 

it la evident that, in cc7f i ib© 

attractioa of d, ihe plant! I' uill have il* 
motliMJ accjpltruteij fn>m Q, to C, retarded 
fruiii V to n, aifttin accelerated frnm D to 
O, niid. lEUfilj, retarded iVom O to O, The 
diNtiirliin^r hody \a bere siippmed to be At 
rest, tind tlie orbit circular: iiui a« both 
bridles am ^lerpctiicdly inovinE; with dlf- 
ferenl veJwJdi?* In ellipses, the perturba- 
tion* or chnn^ies In l|>e inntltm.* of P ore 
very numerous. Lrtstly, that part of the 
iflsturbiof force which ncu? in the dirt*c- 
tion «>r n line pfn. fij. 11. Fvt Hytif nnplei 
to th ' -^ ■ ■ ^ be 

cnlli--' M^nH 

llmi': e 1 rpr. 
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plane of the ecliptic, Nm n, than it would otherwise do. The action of 
the disturbing forces is admirably explained in a work on gravitation, by 
PhrfSBOBor Airy, of Cambridge. 

NoTB 64, pp. 16, G9.-~Perikelum. Fig. 10, P, the point of an orbit 
nearest the sun. 

NoTB 65, p. 16.— aphelion. Fig. 10, A, the point of an orbit fartliest 
ftom the sun. 

NoTK 66, pp. 16, t6., 17. In fig. 15 the central force is greater than the 
exact law of gravity ; therefore the curvature Pp a is greater than Pp A 
the real ellipse ; hence the planet p comes to the point a, called the aphe- 
lion, sooner than if it moved in the orbit P^ A, which mnkes the line 
PSA advance to a. In fig. 16, on the contrary, th(; curvature Vpa ia 
Fig. 15. Fig. 16. 




less than in the true ellipse, so that the planet p must move 
mwe than the arc P;> A, or 180^, before it comes to the aphelion 
causes the greater axis P S A to recede to a. 



through 
a, which 



NoTB 67, pp. 16, 17. — Motion of apsides. 
Let PSA, fig. 17, be the position of the 
elliptical orbit of a planet at any time ; 
then, by the action of the disturbing 
forces, it successively takes the position 
P'SA', P"SA", fee, till by this direct 
motion it has accomplished a revolution, 
and then it begins again ; so that the 
motion is perpetual. 

NoTK 68, p. 16. — Sidereal revolution. 
The consecutive return of an otuect to 
the same star. 



Fiff. 17. 




Note 69, p. 16.-— TVopico/ revolution. 
d^feet to the snme tropic or equinox. 

NoT« 70, p. 17.— Tke orbit only bulges, 
pe. In fig. 18 the eflbct of the varia- 
■don in the eccentricity is shown, where 
Pp A is the elliptical orbit at any given 
Instant; after a time it will take the 
form P p' A, in consequence of the 
decrease In tlie eccentricity C S ; then 
the forms Pp" A, Pp'" A, &c., conse- 
eutively fVoin the snme cause, and as > 
the major axis P A always retains the 
same length, the orbit approaches more 
ind more nearly to the circular form. 
But after this has gone on for some 
thousands of years, the orbit contracts 
apeain, and becomes more and more 
elliptical. 

26 L L 2 



The consecutive return of an 
p'" Fig. 18. 




Hm 



Kutm. 



KiJTi tit pp. IS. 1%-^Ths stlipiie It ih^tppareni path of tba ma \a 
the hettvenfl. See Nty^t 4^ . ™ , 

Note T2, (i, tB.^'Thi^ forer tfuds tn pvfL ^. The furce In qiifctkm 
mellt\s li tiiB iJSretiiofi ;*w, Iig, 13, pullu tho plnnei p townfd the pinDe 
N »i n, or pnnhuB it l¥rUief ntKive it, giving Uic lalnntt a tendency to woifC 
In an fwtjii above or below \U miUUtiitljeii "fbit N#*, which olU^ra t^ 
iineh} ^ N tn^ ftDil jniUi^ei liie niKlti N and tUe lidfi cif Bo4oi H h chaoge 
ihtit iKHltlims. 

KoTt 73. p. !&.— Nation */ tkw. nWf*. l^et B, fig. 10, !i« the aun ; 13 N ii 

tbe plune of the i'edpUe; P ibe iliapdirbmg botJjf ; nnd jj a plimel JTioting 

in iLi orWt jj >*, of w liltli pmnw »nittM a pwt ihat it ia rt'|ireaenteif 94 s 

■ImiRht line. The lilane Sup af this orbit cat? the plaofi of tho uclipiic 

in the aimlghT lkn<i ^ it. ^upi,»yw? Lh« di^lurhinp foice bcg^n« to ati an p 

■o nn to diitw the plntiet km the aic pp' ; theo, Insti^ad of mcjvine in 

Ihe fsi\ni p Hv it wUl tentTI lo move in llie of bit pp' it', wiioso plane euti 

the <?f Uptlc in tlie straight line S x. If the disturhini; *f>r€:fc ftciw st^dn 

L npmi the boiJy when at p\ m* m to dmw It Into Uit nrcp'p", the plane! 

^H will now tend 10 move In ilie orbil p' p" n", whose plntic cut* the ecllptie 

^B In the ntTHiigiU line Sn'\ The actlua e>f the dlfiiirbin^ force on i)u> 

^H plntioi when et p", will brfnf the nftde tn ii'"t njjd *o on. In th|a mim- 

^H iier the node piwa bnclrward through Ibo iuccesslve points, u, n", n\ m"\ 

^H ice.;, and tlie line of hod^K B n has a perpetual rettugrfide motion about 




Pi'*' rf^ n* '1' 



S, the center of the sun. The distnrbing force hns been represented af 
acting at intervals for the snke of illustration : in nature it is coDtinuons, 
80 thut the motion of the node is continuous also ; though it is sometimes 
rapid and sometimes slow, now retrograde and now direct; but on the 
whole, the motion is slowly retrograde. 

Note 74, |). 18. — When the disturbing planet is anywhere in the line 
SN, fig. 19, or in its prolongation, it is m the same plane with the dis- 
turbed planet; and however much it may affect its motions in that 
plane, it can have no tendency to draw it out of it. But when tlie 
disturbing planet is in P, at right angles to the line S N, and not in Ihe 

Elane of the orbit, it has a powerful effect on the motion of the nodes : 
etween these two positions there is great variety of action. 
Note 75, p. 19. — The than pes in the inclination are extremely minute 
when compared with the motion of the node, as evidently appears from 
fig. 19, where tho angles vpn', n' p' n", &c. are much smaller than the 
corresponding angles n S n', S n", tc. 

Note 76. p. ^.— Sines and cosines. Figure 4 is a circle; vp i« the 
sine, and Cp is the cosine of an arc win. Suppose the radius Cm tn 
begin to revolve at m, in the direction mna; then at the |)oint m the 
sign i3 zero, and the cosine is equal to the radius Cm. As the line C m 
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revolves uid takes tlie snccesdive positions Cit, Co^ C6, kjc.^ the sines 
nf, aq^brj bjc. of the arcs mn,m,aimk, Sec. increaao, wliile the corres 
ponding cosines Cp, C g, Cr, Itc. decrease, and wlien the revolving radius 
takes the posidon C d, at right angles to tlie diunicter ^ m, the sine be- 
coDies equal to the radius Vd, and the cosine is zero. After {mssing tlie 
point d, Uie contrary happens; for the sines eK, /V, Slc. iliiuiiiish, and 
the cosines C K, C V, &c. go on increasing, till at g the sine U zero, and 
the cosine is equal to the radius Cg. The same altcrnntion takes place 
tliroagh the remaining parts gh, km, of tlie circle, so that a bine or cosine 
never can exceed the radius. As the rotation of the earth is invariable, 
each point of its surface passes through a complete circle, or 3(K) degrees, 
in twenty-four hours, at a rate of 15 degrees in an hour. Time, there- 
fore, becomes a measure of angular motion, and vice versd, the arcs of a 
circle a measure of time, since these two quantities vary simultaneously 
and equably, and as the sines and cosine:) of the arcs are expressed in 
terms of the lime, they vary with it. Therefore, however long the time 
may be, and how often soever the radius may revolve round the circle, 
the sines and cosines never can exceed the rndius ; and as the radius is as- 
sumed to be equal to unity, their values oscillate between unity and zero. 

NoTB 77, p. 21.— The small eccentricities and inclinations of the plan- 
etary orbits, and the revoiulions of all the bodies in the same direction, 
were proved by Euler, La Grange, and La Place, to be conditions neces- 
sary for the stability of the solar system. Recently, however, the peri- 
odicity of the terms of the series expressing the perturbations was sup- 
posed to be sufficient aloncy Imt M. Poisson has shown that to be a mistake ; 
that these three conditions are requisite for the necessary convei^ence 
of the series, and that therefore the stability of the system depends on 
them conjointlif with the periodicity of the sines and cot«ines of each 
term. The author is aware that this note can only be intelligible lo the 
analyst but she is desirous of correcting an error, and the more so as the 
conditions of stability afford one of the irK)st striking instances of design 
in the original construction of our system, and of the foresight and su- 
pfreme wisdom of the Divine Architect. 

Note 78, p. H.— Resisting medium. A fluid which resists the motions 
of bodies such as atmospheric air, or the highly elastic fluid called ether, 
with which it is presumed that space is filled. 

NoT« 79, p. 22.— Obliquity of tAe ecliptic. The angle e T 9, fig. 11, be- 
tween the plane of the terrestrial equator q T Q, and tlie plane of the eclip 
tic E T e. The obliquity is variable. 

NoTB 80, p. SSi.— Invariable plane. In the earth the equator is the in- 
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Amx ItWci Muff ■mImIWiII « I 

j|« rrrtitvliii mhmt ihe ■■&,■« m %. «^ vbm Ea r^^ . 

It Th* twttlmttffAfreiiM|ikiHeaMKimtieFoii<-ftclk^/dr<iriUs|iteiL 
M4I wmil4 Akff ilck 9.T ifrnKE tbe partidei af which thef vmtkn mm 'wvr- 
•Me SiiioQg (JisiD^ttM, ^nvlded Hie e^nh nene m* dl^rtotf fcf Ite 
«cttM qT the MB •4i4 OHMS*, it^kIi »itr» t}i4 panillelisMi «rtte cqnaM 
^ Che ■«ull wimav called MitetidB, to Iw etplMp«d benvf^. 

HoTX eU fw SL If wA #tfrfiele, «^. Let P, r, P*, *c„ %. m. If 
'**-'n IMfTti^ l4 tl«ij^ orlBt} Abuqt l]>« Muter ot gr«ri£y of ibe ppiem. 
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LmI F S ^, F* B M', ^c be ptctJDfis ctf theiH! orii&ti nutrvf 4 over bj itie TMil 
Tectofeti^ fl F, » P . A^.. bi » fjven lime, and let ^S ir^ p' d n' &4:. b< titOf 
iiliiidmfi or prnjeclboni on \\\c [nvariflkiLe f^Ube^ Then, if Uie fiambeni 
whlcli rr[jre»eni ih*? iim«*ra i>f Uie [jlantu. P, F it«. tie reapectitel;^ mui- 

the sum of the whole will be greater for the invariable plane than it 
would be for any plane that could pass through S, the ceuter of gravity 
of the system. 

Note 82, p. 23.— The center of gravity of the solar system lies witliin 
the l)ody of the sun, because his mass is much greater than the manes 
of all the planets and satellites added together. 

Note 83, pp. 24, 25.^Conj unction. A planet is said to be in conjunc- 
tion when it haH the Bauie longitude with the sun, and in opposition 
when its longitude differs from that of the 8un by 180 degrees. Thus two 
bodies are said to Ite in conjunction when they are seen exactly in the 
same part of the heavens, and in opposition when diametrically opposite 
to one another. Mercury and Venus, which are nearer to the sun than 
the earth, are called inferior planets, while all the others, being farther 
from the sun than ihc earth, are said to be superior planets. Suppose 
the earth to be at E, figure 24 ; then a superior planet will be in conjunc- 
tion with the sun at C, and in opposition to him when at O. Again, 
suppose the earth lo be in O, then an inferior planet will be in conjunc- 
tion when at E, and in opposition when at F. 

Note 84, p. 25.— The periodic inequalities are computed for a given 
time; and consequently for a given form and position of the orbits of the 
disturbed and diMturbing bodies. Although the elements of the orbiu 
vary so slowly that no sensible effect is produced on inequalities of a 
■hort period ; yet, in the course of time, the secular variations of the ele- 
ments change the forms and relative iwsitions of the orbits so much, that 
Jupiter and Saturn, which would have come U» the same relative positions 
with regard to the sun and to one another after 850 years, do not arrive 
St the same relative positions till alter 9L8 years. 
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Note 85, p. SS.— Craj^ration. The relative podtion of the planets 
with regard to one another, to the sun, and to the plane of the ecliptic. 

NoTB 86, p. 26. — In the same manner that the eccentricity of nn ellipti- 
cal orLit may be increaised or diminished by tlie action of tlie disturbing 
fiirees, so a circular orbit may acquire less or more ellipticity from the 
same cause. It is thus that the forms uf the orbit of the first and second 
satellites of Jupiter oscillate between circles and ellipses iifiering very 
Uitle from circles. , 

NoTB 87, p. 27. — The plane of Jupiter's equator is the iraagiiiary plane 
passing through his center at right angles to his axis of rotation ; and 
corresponds to the plane ^EQe, in fig. 1. The satellites move very 
nearly in the plane of Jupiter's equator, for if J be Jupiter, fig. 22, Pp his 




aili of rotation, eO, his equatorial diameter, which Is 6000 miles longer 
than 2p, and if J O and J E be the planes of his orbit and equator seen 
edgewise, then the orbits of his four satellites seen edgewise will have 
the positions J 1, J 2, J 3, J 4. These are extremely near to one another, 
for the angle E J O is only 3° 5' 30". 

XoTB 88, p. 27.— In consequence of the satellites moving so nearly in 
the plane of Jupiter's equator, when seen from the earth, they appear to 
be always very nearly in a straight line, however much they may change 
their positions with regard to one another and to their primary. For 
example, on the evenings of the 3d, 4th, 5th, and 6th of January, 1835, 
the satellites had the configurations given in fig. 23, where O is Jupiter, 
Fig. 23. 
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and 1, 3, 3, 4. are the first, second, third, and fourth satellites. The satel- 
lite is supposed to be moving in a direction from the figure toward the 
point. On the sixth evening the second satellite was seen on the disc of 
the planet. 

NoTB 89, p. 28. — .Angular motion or velocity is the swiftness wHh 
which a body revolves— a sling, for example ; or the speed with which 
the surface of the earth performs its dally rotation nbout its axis. 

NoTB 90, p. 9S.— Displacement of Jupiter's orbit. The action of the 
planets occasions secular variations in the position of Jupiter's orbit, J O, 
fig. 82, without afiecting the plane of his equator, J E. Again, the sun 
and satellites themselves, by attracting the protuberant matter at Jupiter's 
equator, change the position of the plane J £ without alfccting JO. Both 
or,these cause perturbations in the motions of the satellites. 

NoTB 91, p. ^.—Precession, with regard to Jupiter, is a retrograde 
BKrtion of the point where the lines J O, J E, inleTaecl ^%.^. 
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KoTC 9S, p. ':B,^Sgnadii mofien of « wiottiUte* %ta mcrilon dtirLcf tlie i 
Inlerral biftween lwt> of Ms ronsecuitlve vcWpses. 

Note ft.l^ p. 'M.--Vppa3*tha. A iKnly Is «iid to be In opposition when 
In rf>iigttifile iHifefJ l>uiii ibAi uf the sua by 1@1P. UB^ He^ S-lt ^ li» 




Jf>^. 25. 



■unn. nml E the earth, iheii Jupllor t* In op[ioflltian "ivlieu at O, und bi 
con j line lum when at C. In Ihese pdctTlunii ihe Uiree bodica atd In iht 
name stmigliit Line. 

M6tellit££. Let 3, fi;?. ^ be [be nan, 
J Jujilk^r, %iid a H A hu cbcidnw. Let 
tbe earth Ik? niuvin^ in its urbil, 
ill aic directtiin EARTH, unil ihs 
tblrd s.iTelliLe in tlic iliredli,i>n abmjt* 
Wtli^n the ejirth y aL E, the siilelHlei 
la JiiHvin!;: thmiifh the urc a*, vitU 
vujijih ni n, HTid rtiajipi^ar tit i^ un dw 
aanie airJe of J u [liter. Il ihe i!:irth be 
lo fi, Jgj^lter wi]] be gn n}i;H>>«3tliin ; 
iui4 the El tjie TMileftiw, \fi nuiviag 
ihtou^U ihi] Hre a^, will vnQkEih dose 
td thia ill<sc nf the plaiiPi,. ami will re- 
fit^l^ar on the utile r JiLde of It. But if 
tliv BnieilUie he movini^ thmiigh tii^ 
Pffi inn, It wiJi app^Af tfl T»*i tlVBf 
Ibc disc and ccnj;)iH|] the iiliinet 

leffejitniit m^Tiiliaa H n line luiaslafl 
round the tmnk and thronj^b bniE 
jHiien. In everj part of it noon haji- 
pmam at thtt HtiriL^ iitHinnL la CliiKur«i 
1 and 3, die line4 NaB iind NGB 
aro Tij!oriiJiEkn.*s C being llie tpnter of 
the ennh, Jinil .N S its nsl* uf mtntinn. 
The meridkn p'^p^ln^ liinjuch the 
Dlj.-nirviitniry Bi Greenvvh'h isq ussiirned 
by thf BriiUb m h fl.\f il nrlEin frrnii 
wbtncff TerieHtriJil lOD^Jiuilei sire mem- 
Bttrvil. And as faich [irtLei(.nn lUiisar- 
f#P« uf tbe eiartb p-we^i tkriiiiiBih aftO^,. 
i^/- eaitt^iftfff vin-U' \n (wflnty-ftm* 




I 



NOTES. 407 

ikoarst at the rate of 15 degrees in an hour, time becomes a representative 
of angular motion. Hence if the eclipse of a satellite happens at any 
place at eight o'clock in the evening, and the Nautical Almanac shows 
that the same phenomenon will take place at Greenwich at nine, the 
place of observation will be in the 15P of west longitude. 

NoTB 96, p. 20.—Conjunetion. Let S be the sun, fig. 24, E the earth* 
and J O J' C the orbit ot Jupiter. Then the eclipses which happen when 
Jupiter is in O are seen 16m 26* sooner than those which take place when 
the planet is in C. Jupiter is in conjunction when at C and in opposition 
when in O.- 

Note 97, p. 20.— In the diagonal^ Src. Were the line A S, fig. 26, 
100,000 times longer than A B, Jupiter's true place Fig. 26. 

would be in the direction AS', the diagonal of the , 

figure A B S' S, which is, of course, out of propor- 2 — » 

tion. \ 

Note 98, p. 2\.—Merration of light. The ce- \\ j 

lestial bodies are so distant, tliat the rays of light 
coming from them may be reckoned parallel. 
Therefore, let S A, S' B, fig. 26, be two rays of light 
coming from the sun, or a planet, to the earth 
moving in its orbit in the direction A B. If a tele- 
scope be held in the direction A S, the ray S A, 
instead of going down the tube, will impinge on its 
side, and be lost in consequence of the telescope 
being carried with the earth in the direction A B. 
But if the tube be held in the position A E, so that 
A B is to A S as the velocity of the earth to the 

velocity of light, the ray will pass through S' E A. 

The star appears to be in the direction A S, when B A 

it really is in the direction A S', hence the angle S A S' is the angle of 
aberration. 

NoTK 99, p. 31. — Density proportional to elasticity. The more a fluid, 
tuch as atmospheric air, is reduced in dimensions by pressure, the more 
it resists the pressure. 

NoTB 100, p. 32. — OseilleUtons of pendulum retarded. If a clock be 
carried from the pole to the equator, its rate will be gradually diminished, 
that is, it will go slower and slower, because the centrifugal force which 
increases from the pole to the equator, diminishes the force of gravity. 

Note 101, p. 33. — Disturbing action. The disturbing force acts here 
in the very same manner as in note 63 ; only that the disturbing body <2, 
fig. 14, is the sun, S the earth, and p the moon. 

Note 102, pp. 34, 30, 8\.— Perigee. A Greek word signifying round 
the earth. The perigee of the lunar orbit is the point P. fig. 6, whore the 
moon is nearest to the earth. It corresponds to the perihelion of a planet. 
Sometimes the word is used to denote the point where the sun is nearest 
to the earth. 

Notb 103, p. 3A.— Erection. The evection is produced by the action of 
the radial force in the direction S p, fig. 14, which sometimes increases 
and sometimes diminishes the earth's attraction to the moon. It produces 
a corresponding temporsuy change in the eccentricity, which varies with 
the position of the major axis of tlie lunar orbit in respect of the line S d, 
joining the centers of the earth and sun. 

NoTB 104, p. 34. — Variation. The lunar perturbation cnllcd the vnria- 
tlon is the alternate acceleration and retardation of the moon in longitude, 
from the action of the tangential force. She is accelerated in going from 
quadratures in Q. and D.'fig. 14, to the points C and O, called syzygies, 
0ji4 is retnTAed in j?o;ng from the syzygies C and O to CI and D again. 
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pumlleL of luytitde, Ad, BG; thoterort & chnnge in Use pumllM tfr 
mtved tn Umt p^faKel cpin only arfae fnoni n cliiLn«:« In th^ inim'i 
i0|itance frauj ilji? earLlj: itfid ii^'li«.'[i tilt inoim iJt in hef menu ii|^ta}t», 
Hlfhi^h U K dunii»Eiint quantity equnJ to half tb*; tiinjfif aiis *jf her nrbiU i 
cJitttiite In the pamllfjA tfbseivsd \n mtTeteni liiiituili«, G and E. miul 
Mime ffOLi Uie dlfltfEjice in tln3 leopftlia of ihs radii »C and C E, 
NuTB 130, n, 53.— rrft^K Fmwj u tti Aw ytodeit. She must bo in the 

tline 2V S », where her ofbit P X A i* cuts llie idsuie of m© cclipdc E N e ^ 
NoTJt 131, p. 50:— r^ /,jM dsier^>€d, ^c. Lei E, fig. 33, be Ibo oonh, 



J5V^, 3a. 




g the ecnier of tbe min, and V the plBnet Ventw. The nrjil tmniit (rf 
the plajiei, seeti tknn E Ihts center of Ihfi eUTlht wonliJ be In the diieciltn 
A B. A peraflfl m W tt-tiuld ii*fl U pase nver the sun In the line v a, and 
ft peraoM fit O Wijuld see It movo ncrcie? him in the (iirectlon ^^ o^ 

N(rTit 132, p, 53v— /ffp/frV ^ffw. SupiKJiie it wrre r«>nnired to find tha 
diatnncc of Jn^iter ffiwii the iiin, Tlic periftUc ii flies itf Jn|jf|er and 
Yeiius are elvnh hy observiiiJon, tmd ibe nieH]! dbiauci] of Vr^nu* from 
the eenter of the iiin is tennwn In in tics or trrwr'ti'la] rnriH ^ Iherffiirp, by 
tlie rule nf llin??, the square ront ul' the iierindk lirnt' of Venris i^ hi rbo 
sqimre rtwit nf ih{? iwrirnHc ii»io nf Jtifiiipr^ na ihf cuh^ n^f^E nt" ihf niinan 
d:istRI]<;f iif Vf-'JlMW fnnri (lu- i-iin, l ■ '.U'. inh, m.-l 'jf thr nil ;m: i,-!- i> I. of 
Jupiter from the sun, which is thus obtained in miles or terrestrial radii. 
The root of a number is that number which, once multiplied by itself, 
gives its square; twice multiplied by itself, gives its cube, &c. For 
example, twice 2 are 4, and twice 4 are 8 ; 2 is therefore the ;<quare root 
of 4, and the cube root of 8. In the same manner 3 times 3 are 9, and 3 
times 9 are 27 ; 3 is therefore the square root of 9, and the cube root of 27. 

Note 133, p. 55. — Inversely, S'C. The quantities of matter in any two 
primary planets are greater in proportion as the cubes of the numl)er8 
representing the mean distances of their satellites are greater, and also in 
proportion as the squares of their periodic times are less. 

Note 134, p. 55. — As hardly anything ap|)ears more imixissible than 
that man should have been able to weigh the sun as it were in scales 
and the earth in a balance, the method of doing so may hnve some 
interest. The attraction of the sun is to the attraction of the earth, as 
the quantity of matter in the sun to the quantity of matter in the earth: 
and as the force of this reciprocal attraction is measured by its effects, 
the s|>ace the earth would fall through in a second by the sun*s attrac- 
tion, is to the space which the sun would fall through by the earth's 
attraction, as the mass of the sun to the mass of the earth. Hence, as 
many times as the fall of the earth to the sun in a second exceeds the 
fall of the sun to the earth In the same time, so many times does the 
mass of the sun exceed the mass of the earth. Thus the weight of the 
sun will be known if the length of these two spaces can be found in 
miles or parts of a mile. Nothing can be easier. A heavy body falls 
through 16-0697 feet in a second at the surface of the earth by the 
earth's attraction ; and as the force of gravity is inversely as the square 
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of the distance, it is clear that 160697 feet are to the space a hody would 
fall through at the distance of the sun by the earth's attraction, as the 
square of the distance of the sun from the earth to the square of the 
distance of the center of the earth from its surface ; that is, as the square 
of 05sOOO,OOU miles to the square of 4000 miles. And thus, by a simple 
question in the rule of three, the space which the sun would fall through 
in a second by the attraction or the earth may be found in parts of a 
mile. The space the earth would fall through in a second by the attrac- 
tioM of the sun must now be found in miles also. Suppose m n, fig. 4, to 
be the arc which the earth describes round the sun in C in a second of 
time, by the joint action of the sun and the centrifugal force. By the 
centrifugal force alone the earth would move from m to T in a second, 
and by the sun's attraction alone it would fall through Tn in the same 
time. Hence the length of Tn in miles is the space the earth would fall 
through in a second by the sun's attraction. Now as the earth's orbit is 
very nearly a circle, if 360 degrees be divided by tlie number of seconds 
in a sidereal year of 365^ days, it will give mn, the arc which the earth 
moves through in a second, and then the tables will give the length of 
the line TC in numbers corresponding to that angle; but as the mMua 
C n is assumed to be unity in the tables, if 1 be subtracted from the 
number representing CT, the length of Tn will be obtained ; and when 
multiplied by 95,000,000 to reduce it to miles, the space which the earth 
faHs through by the sun's attraction will be obtained in miles. By this 
simple process it is found that if the sun were placed in one scale of a 
balance, it would require 354,936 earths to form a counterpoise. 

Note 135, p. 58. The sum of the greatest and least distances, S P, S A, 
fig. 12, is equal to P A. the major axis ; and their difference is equal to 
twice the eccentricity C S. The longitude T S P of the planet, when in 
the point P, at its least dii^tance from the sun, is the longitude of the peri- 
helion. The greatest height of the planet above the plane of the ecliptic 
E N e i» is equal to the inclination of the orbit P N A n to that plane. The 
lOBgitade of the -planet, when in the plane of the ecliptic, can only be the 
tongitude of one of the points N orn ; and when one of these points is 
known, the other is given, being 180O distant from it. Lastly, the time 
ineloded between two consecutive passages of the planet through the 
utme node N orn is its periodic time, allowance being made for the recess 
of the node in the interval. 

Note 1^ p. 59. Suppose that it were required to find the position of 
a point in space, as of a planet, and that one observation places it in n, 
fig. 34, another observation places it in n', Fig. 34. 

another hi »", and so on ; all the points 
n, h', n", n'", &c. being very near to one 
another. The true place of the planet P i 
will not differ ranch from any of these 
positions. It is evident, from this view of 
the subject, that P n, P n', P n", &c. are 
the errors of observation. The true posi- 
tion of the planet P is found by this prop- 
erty, that the squares of the numbers 
representing the lines P n, P n', &c., when 
added together, are the least possible. 
Each line P n, P n', &c. being the whole error in the place of the planet, is 
made up of the errors of all the elements ; and when compared with the 
errors obtained from theory, jt affords the means of finding each. The 
principle of least squares is of very general np])lication ; its demonstration 
cannot find a place here ; but the reader is referred to Blot's Astronomy, 
vd. ii. p. 203. 

Note 137, p. 61.— ^n axis that, ire. Fig. 20 represents the earth 
M M 2 
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mte of ISCP In twelve li^ara, which iJi the timo incladed betwem ih& 
piiasag^i iif ihe moon ai lIici upp^jf smd uader nieiidiiui, 

Sorm 153. p. 00.— If 9 be ihc eanli, fig. 14. d the sun, a-nd € Q O D Uu 
orijll ciT tUe moon, Ihen C and O ure Ihc syiygios. When the moon it 
nfin' »hf; i? nt C, and! when fall she i? at O; And ns both Aun and incioa 
axe then on the name mertdiim, tl ficcELsions iheaprinjg-tidt^ ii b^ingtilfh 
WQ^er itt ^awB under C tttiii O, while it ia iow water %t thosi? under a 
and 0^ The neap-ildei. htippen when Itm minm ^n In quadruture be Q 
ur D, fot then she i* diAtani from the bun liiy the on^le dsll^ or tt^D, 
EAch of which iN OlP. 

NflTR J.Ht pji. e&, 90.— £>(!dtfwirj^ni tf the earth bo in C. fig.n.iiDd 
if ^ T Q. be ihu «quluo>ctlal. nod Ji mS u rueddLao, thpn in C a ia the de- 
clination of B lio<l^ at n. Therefore the coe4ne of that angle ia the eoihif 
of the deeljfiatiiia. 

NtTTB JS5s, pn tl. — jViio« i< nBvthfAf. TIj* lime when the mwn i* on 
ibe ineridiHU of any piac^, which happcni about forty-eight mLnutes later 
eveiy day. 

Note J 56, pp. 99, 134.— Fig. 37 ihowa t^e pi?opa|a«oii of wkvn l>oiii 




two points C and C, where stones are supposed to have fallen. Those 
points in which the waves cross each other, are the places where they 
counteract each other's effects, so that the water is smooth there, while 
it Is agitated in the intermediate spaces. 

Note 157, p. di.— The centrifugal force may, <S-c. The centrifugal 
force acts in a direction at right angles to N S, the axis of rotation, fig. 30. 
Its effects are equivalent to two forces, one of which is in the direction 
b m per{)endicular to the surface Q, m n of the earth, and diminishes the 
force of gravity at m. The other acts in the direction of the tajigentmT, 
which makes the fluid particles tend toward the equator. 

NoTK 158, p. 101. — Analytical formula, or expression. A combination 
of symbols or signs exjiressing or representing a series of calculation, and 
including every particular case that can arise from a general law. 

NoTK 159, p. 104. — Platina. The heaviest of metals; its color is be- 
tween that of silver and lead. 

Note IGO, j). 105. — Fig. 38 is a perfect octahedron. Sometimes "ts an- 
gles, A,X, a, a, &c., are truncated, or cut off. Sometimes a slice iseut 
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offitse4giHAs,Xa,«s,fcc. OccMlonally both these modiflcatloni take 
Fig. 38. A 




Note 161, p. 106.— Prismatic crystals of sulphate of nickel are some- 
what like fig. 68, only that they are thin, like a hair. 

Note 168, p. 106.— Ztii& a metal either found as an ore or mixed 
With other metals. It is used in making brass. 

O 



Not* 163. p. 107.-gt enle is a soUd 
contained by six plane square surftces, 
asfig.a9. 

F^.Jd, 



li^.40. 





NoTK 164, p. 107.—.^ tetrakedrmi is a solid contained by four triangular 
surfaces, as fig. 40 : of this solid there are many varieties. 

Note 165, p. 107. — There are many varieties of the octahedron. In 
that mentioned in the text, the base « a a a, fig. 38, is a square, but the 
base may be a rhomb; this solid may also be elongated in the direction 
of its axis A X, or it may be depressed. 

Note 166, pp. 106, 186. — .^ rhdmbohedran is a solid contained by six 
plane sorfaces, as in fig. 63, the opposite planes being equal and similar 
rhombs parallel to one another ; but all the planes are not necessarily 
equal or similar, nor are its angles right angles. In carbonate of lime the 
angle C A B is 105P-55, and the angle B or C U ISfHS. 

Note 167, p. 108. — Sublimation. Bodies raised into vapor which Is 
again condensed into a solid state. 

Note 168, p. 109. — The surface of 
column of water, or spirit of wine, in 
capillary tube, is hollow; and that of 
eolnmn of quicksilver is convex, or round- 
ed, as in fig. 41. 
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NoTK 109, p, l€©,— /iiter« fffldQ, i'c. The elevatian of the HqtiM 
gnfttef In ijfoportiofl at the JuieraiiJ dtaoicter of die titbe id leai,. 

NoTx 170, p. liO.—fu Gg. 4lt Uie ticte cd itiovri ibe direciioa i^ i 
raolcb^ fom lo ihe two ciuesn 

NoTK 171, p. 210. — WhfB. two plates of pla^ are TuMmjaiht svor ti> * 
another in water, the lUiuid tise» faetwiien thiuii j juid if iho p\mit^ toiictm 
»cli atber at one uf Ibeii u^iri^ht edgf^ l^je outJiDii of tjfio wntcr will Ei^- 
toave a. hyperbola. 

N©Ti ITi!, B. ni.— Let A A', fif, 42:^ he two pluim, l»oth of wttteh aw 
wet, &□<! B B 1 two that are df j. AVbeu panly iEiuaened in a liquid^, iu 
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Aitrfaci} will im curved cloaa in them, bat wi!l be of tLi oiiiEil li;Vbl for t^ia 
rest of the diKtEuitiu. At xiiftb a disiHiiice, tbuy wilt i>ctther uttmct hoc 
repel oae lujotber. But as tmm ns ihey are brought near enuuiih to hJive 
the whole of tlie Utiu^d surfoce betiveeii them curbed, dj ip a j*', & b% they 
wHI rush tngethtr. If one be wet and another dry, as CC\ they wili 
repel uneBnEiihvr nt a ctrialn Elistuiice ] but as sooji as tliey are (trough t 
very near, tbey will rush together, as in the former cases. 

Note 173, p. 128.— Z.ot«n« heat. There is a certain quantity of heat 
in all bodies, which cannot be detected by the thermometer, but which 
may become sensible by compression. 

Note 174, p. 131. — R^fiected toave*. A series of waves of light, sound, 
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or water, diverge in all directioiii from their origin I, fig. 43, as from a 
center. When they meet with an obstacle S 8, they strilte against it, 
and are reflected or turned bade by it in the same form, as if they had 
proceeded from the center C, at an equal distance on the other side of 
the surface S S. 

Note 175, p. 133.— £Uij»<tea/ skeU, If fig. 6 be a section of an eilip' 
tical shell, then all sounds comins from the focus S to different points 
on the surface, as m, are reflectea back to F, because the angle T si S 
is equal to t m F. In a spherical hollow shell, a sound diverging from 
Ote center is reflected back to the center again. 

NoTx 176, p. 136. Fig. 44 represents musical strings in vibration ; the 
fS£. 44. 
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stmight lines are the strings when at rest. The first ^ure of the four 
would give the fundamental note, as, for example, the low C. The 
second and third figures would give the first and second harmonics ; that 
is, the octave and the 13th above C, mm being the points of rest ; the 
foiurth figure shows the real motion when compounded of all three. 

Note 177, p. 137. Fig. 45 represents sections of an openjind of a diut 
pipe, and of a pipe open at one end. When sounded, the air sponta- 
neously divides itself into segments. It remains at rest in the divisions 



Fig. 45 




or nodes nii',&c., but vibrates between them in the direction of the 
arrow-heads. The undulations of the whole column of air give the 
fundamental note, while the vibrations of the divisions give the har- 
monics. 

Note 178, p. 139. Fig. 1, plate 1, shows the vibrathig surfiice when 
the sand divides it into squares, and fig. 3 represents the same when the 
nodal lines divide it into triani^es. The portions marked « a are in 
■difierent states of vibration from those marked b *. 
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NoTi no, p. 140. Flam I ind S contain a fftw of ChladnL's fifor^ 
The whltn llnea are the forms aAiinied by the sand, from di^rent moAm 
of vll>ratioRT correflpondini^ to tnusicBl uoles of di^xeiii degrem of pitfili. 
Fl&ie 3 contaiiu rIje of Uhlndori circular figurea. 

NoTs 180r p^ HO. Mt. Wheatstont:** principle is, that when vibfa- 
tlons prodiicfni ihc f%>nn» offlita. J And % plate 3, are united in lh« same 
«iirfacet they make tlic sand assume th« form of Ag. 3. In the nine 
mftaner, the vibTatiaoe which would lepiiiralely cnuae the snnd to lake 
the fonn« of flgn. 4 and J>, wouHd ma|[<; il Dssnme the fDirn nf (^. Q wh«a 
united. The figure 9 reifulta fttym the mcMlea nf Tibratlon of 7 and H 
c^itnbined^ Tho paria marked a a Hre in difl^rent trinies of vibmiion frooi 
thoae marked bb. Figa. 1, 2, and 3, plate I, f« present Tnfm» which the 
■and takcfl in conn^fiuefice of simple modea of vibration ; 4 and 5 aiv 
tho«« arising from two combined mode* of vibration ; and the laai sbE 
finiurcit arifle frooi four superimposed simple modea nf vibrailon. Tbeae 
com plicated 0gU7ea art; determined by computatiun Lndepcfldenlof expttrl^ 
loent. 

Note 181, p. 140. -The long woaa-lines of fig. 46 show the two wyw- 
tmsmotnodsX Jinei grrea by M. SaTBTi'« laxnlnc. 

IJXr.46. 
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KoTK 182, p. 141.~l*he fliioTt llnea cm fig. 46 ah©w the ptnltiaiu of tlie 
nodal ]in«fl on the other ildea i]f the nme Eamlnc 

NoTR 1B3, p. 14t.^Fig. 47 fclvet the nodat ILnes on a cylimder, with the 
paper rlngt that tnarlc the qiuestent |iomtai 
Fi/r. 47. 
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JJoTB J8i, pp. I as, 148, 14a.—Rrf4ctitm. And nLfmction. Let PC;», 



Fig^4B, 




lig. 48, be inertM^ndiciilar lo a wir- 
fiice of Hi ass <}r wu le r A B . W ben 
a ray of light, pnaslng through the 
air, falls on this aurface ^u any di- 
rection I C, pwt nf it is Ffflected 
Id the direction CS^ and the oth- 
er part h bent at C, and pmaaem 
through the glaaa or water in ibe 
direction OR. 1 fn called the 
incident my, und I C P the angle 
of incidence : CBii the reflt-cted 
my, and F C 3 the nngl« of roilee- 
tifio : C R h tlie refmriod ray, and 
;p C R ttie Angle of refmclkm. The 
pinne paBslng through S C and IC 
IS the plane of reflet' tion, and the 
plane t^^fSng nhrough I C and C R 
In the plane ctf rBfra*:ttoo. In or- 




tHTTBB. 



%n 



We if« the Kuift^e W neant of ft« i 

whkli woiUi achiertrke be ipvMble. Whatever i|i«r 
be, and taow«TergMiita«ly Oe Lighi ntaT fmll qpn«i ti, ttw uflvof ndeoliaftJ 
la always eqn&l |o Qw a^flfl oT InciOt^nop. Ttaut I C, T a beknc laya !»- f 
ckdenl OB Uie stir^ce al C. tbey will be tvflectod iaio C a C r. w llMit 
the ai^le S C P will be equAJ m the anf le I CP, «o4 8' C P «]uji| to l' C P. 
That is by no neaos tbe case witU tbe re<f»c«a>d laya. Tbe iiaudrat 
raya I C« T C, are bent &t C. loward th« perpendicular, in the difvctioa 
C R, C ft' ; and tbe law of r^rmctkn k fucb, that the sine of tbe aaglik | 
of incidence baa a canaijuit niiki to the sine of ibe angle of refraciion ; | 
that la to MT, tl^ number eiprevinc Ihe 1«o{tb of I m. the sine of I V P, 
divided by tke Bumbcr eirpreadiiK llw length of E a, the tin^ of R Cp. Is 
tlie BUDe for all the rays of Mght ibat ean fall apoci the siirfoce of any one 
vjbatancei and is called its Index of refiactiaa. Though the ipdex i^re- 
CkaclkMi be the Bsin«! fee any on« substance, It its not il]« same for all sub- 
ataaees. For w*ier St it 1 336 ; fof cmwn glass it is 1-535 ; for flinl-glasa, 
l-fi; fof diamond. 0^4^! ; and fof chitmiaie lyf lend it is 3, which sqh- 
■tftiice has a higher refractiTC power than any other knoHH^ Light fsll- 
kiii; l^erpertdicularly on a siir^i^ puata ihmuph it without being refmet- 
cd. If the light be now mppoaed to poti from a dense into n rare meditmi, 
US fmcn glass or water into air, then R€. R' V, bctome the incident rajrs ; 
■nd ill this case the refracted rnys^ CI, C T are bent frtrtin th<! perpendic- 
iilHtr jnatead of toward it. When the Incidence is very ohEique, as rC, 
Ihe light never pawie^ into the oif at all, hut it is totstty reflected in ih« 
dineccion Gr'. so that the angle pCr Is equal to pQr: iliat frequently 
happens at the second surface of glaas. When a ray IC falls from air 
upon a piece of giass A B, it Is in gei^^ml ref meted nt ench surface. At 
C U is b«nt toward the perpc'ndkular, and at R from It^ and the my 
efnerges parallel to EC ; biii when tht^ my is very oblitiiie to the second 
surface^ it li total ly reflecicd. An object teen \iy total reflection la nenrty 
aa vivid at when ken by direct vision, heeause no part of the light Is re- 
fracted« 

Nora lai. p. liB.—Mmetpiuri€ rrfrtution. Let fl *, a *, &e., flg. «. be 
atrata, or exiremely thin layers, at the ntuKHiphereh. which Increnae Iji den- 
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person at A to be io *. 80 that refmctinn, which Rlwnya Rttit In a i ._. 

eal direction, rfil»cs abjjflctti above their true place. For ihni reaana, i 

btHiy at t*', below th* liorijcon H AO, would be miiiied, and would beKtsi 

la m\ Ttie sun l« fm^qoently vhHblc by refraction itfier he is «ol, or bHVire 

be is rtaen. Tliere ra no refrciction in Ihe z«oith nl Z. It intreases oM 

III way to the hori&an^ where it is {{realegU tht<' variation \>eing propor- 

ma) 10 the tnitieri of thie AngUrs ZAS, Z A 8\ the distances of the 

IIni S B' froin the senHh, The more ablUiuely the rays fali the f router 

refractlnn. 

NoTK iBfi, p. 149.— Broi/fy** mttkod 0/ atctrtnining the ammvnt of i*^ 
fracti4tii. Let Z, 1^. 50^ be liie ^nitlk or (x^tnt immediately above an 
Fig. 50. 

\ 

^^P olMKrver si A ; let H O be his horiaxtn, and P the pnlc of the equinoctial 
^B AQ- Hence F A Q ]9 a right angle. A star as near to the pole m* 
would appear to revdve about It, in ron^equetice of itie rotation of ihc 
«irth. At aoon, few eiample. It would tie at « above the txile, and nt 
taildnight It would bfl in *' inelow it. The sam of the true xnaith 
distaneea Z A #, Z A«\ in e^innl to twice the angle Z A P. Agnin, B and 
6' behig the lun at his greatest dbtances fmm the equjnocttal A Q when 
in the aolBticieB, the sam «f his true zenith disctaaces, Z A 9, Z AS'. Is 
cqunJ to twice the angle Z A U. Conaisquenily, the four inie z^-oUh 
distances^ whea added toflctlier, are equal to twice the rlf^ht angle Q A P; 
tliat is, ihef are equal to 18(P. Rut the observed nr appnreJit xt^ntih 
dlstancea are leas than ttie true, on account of refracttua ; therefore the 
sum of Ihe four apparent zenith dlstaacca is less than \W^ by the whole 
VQlottiit of the fotir refractions. 

NoTK 1«7, p. 150.— Tprre«(rja/ rffractioit. Let C, flp 51, hfl the 
center of the ennht A Rn observer nt Us surfnce, A H his hnrizon, Jind 
B some dlsiajil point, as the top of a hHK Let the arc @ A bo the iMth 
of a my coming from H lo A; K B, EA, tnngents to I la eiireaiities; 
and A O, B F, perfiendicular to C B^ However high the hill B m^y be, 
it te nDlhinK when compared with G A^ the mdlns of the earth; conse- 
queolly, A B cliff!rr« ao IHtte from A D timt the angloa A E B and 
A CB ore xupplenteatary to one iwinther; thut is, the tWM taken Kupcther 
are equal |c> IPCP. A C B is c ailed the horizontal aa^le. Now B A JI 
is the real height of B, and E A 11 li!4 appnrent height; hence refraction 
raiwes the object B, by tJic an|!;le E A B, nbave its real place. Apaia, 
the r«iftl dcjjrcsfnon of A. when viewir>d from B, is F B A. wJrefcas 
Its api^reot depression is F B E, so E B A ia due to refraction. The 
angle F D A is equal to the stgm of the Hn|:le» B A 11 nnd A C B ^ that 
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Fig. 51. 




angle. Bat the true elevation is equal to the apparent elevation dimin- 
ished by the refraction; and the true depression is equal to the ap- 
parent depression increased by refraction. Hence twice the refraction 
is equal to the horizontal angle augmented by the di^rence between the 
apparent elevation and the a^mrent depression. 

Note 188, p. 151. Fig. 53 represents the phenomenon in question. S P 
is the real ship, with its inverted and direct images seen in the air. 



Fig.lSSl. 




Were there no refraction, the rays would come f)rom the ship S P to the 
eye £ in the direction of the straight lines ; but, on account ofthe variiU>te 
densi^ of the inferior strata of the atmosphere, the rays are bent in the 
curved lines PcE, PdE, SmE, SnE. Since an object is seen in the 
direction of the tangent to that point oif the ray which meets the eye, 
the point P of the real ship is wtea at p and p\ and the point S seems to 
be in « and a' ; and as all the pther points are transferred in the same 
manner, direct and hiverted images of the ship are fbnil«d in the air 
above it. 
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Note 189, p. 151. FIf . S3 rcprCBenta the / # 
•eetioii (tf R poker, with Ut« refntcliao pra- i i 
dmeA hy the hot nir lurfoandidc IL | 



/ / \ \ 



NOTi tW, p. 153.— T&« fofor wftctrum, A XAf Trm%i ibia ran »t 8, < 
H BdmltUkd Into a d&fk room througb & flmAll round bole H in a wladr 





•butter, proceeds Sr & strnight line lo ft screen D, on which it fonm a 
bfifbl clrcQlu- spot of while llEHit of nearly the Bnme diUDei^r wllb the 
hole H. But whRit the riffracimi; aii|;l« B A c; of a gluai prtstn U Inier- 
poted, no that the siinbearti ffti [* on A V the Aral surface of the pr1«n, wad 
i;fnergeK from the Kcond surface A B at equal aji^FlciM, H tnuaes the raw 
tn deviate ffooi the straight path B D, and brnda them to the »rr««ii M N^ 
whera they fortn a colored Imngc V K of th& laiir of the ■utie brcftdill 
with the (Uamefor of the hole H, but much Ioniser. Tlie ipace V & con- 
■tsts of seven coloni,— violet, indipo, blue, gn^n, yellow, oranfe. and red. 
The vlioletand red, beinf the most and \fass refrnngiible rayt, an at Um 
extremVllei, and the irreetii occiijiy the tiilddle |>Art at U. The aofle D jr G* 
Ib CAtled thfj meaii deviaiwn, iinil the 9pre^di^g of the colored raj^i wwf 
the ftnjjlli! V ^ R thy diaprrtian. The deviation and dlspersthm vary wWh 
thfl refracting anglo B A Oof the prtsm, and with the suhsiancc of whkll 
\l It made. 

NoTi 101, p. 1^9, Under Ihe Mmi« circiiniBtai^ces, and where the ifh 
frftctlng angles of ihe two prisms ore equal, ihe nn^leji Djf G and Vjf fti 
Ag. 54, are g^renter for UlnL-gLavs than for crown glnaa. But as they vnrjT 
with the nnglc of ih<j prism. It Is only ne€««aBry ui augwentthe relrneUn|[ 
ajQfle of the crown glft«i prism hy a certain qnantliy, to pniwiuee nwadf 
the lanie deviaiUm and dliiperHvnn 'M.iih tha flint- i^lau i^num, Henaa, 
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when the two prisms are placed wH)i tlieir wfiactiBg anglef \m opposit* 
Areetlona, as in 6k, 54, they neariy neutralise each other's eifeas, aa4 
refract a lieam or light witboat reiiolving It into its eien^entaiy colored 
rays. Sir David Brewster has come to the otmcUision, tba| there may bf 
reftaction without color by means of two prisma, or two lenses, whep 
property adjusted, eyen though they be mam of thesame kind of glasf. 



IfoTS 199t F* 1^— Tbe QlQ^-|laai of the aehromalic 
teleacope consist pr a copyef len^ Ah, fig. 55, of crown-glass, 

Sauced on the outride |ow^ ue ot^ect, and of a concavo- 
invex iens C P pi llia^-flass placed toward the eye. The 
focal length of a lens is the distance of its cpnter from the 
point in which the reys converge, as F, fig. 60. If, then, the 
lenses A B and CD be so oonstmcted that their focal lengths 
are in the same propOTtion as their dispernve poweis, they 
will refract rays of light without color. 




NoTB 193, p. 163.— When a 
1^.58. 




aAer ^riog pMMd through « 

S. 

Wig, Si. 




colored glass VV, fig. 56, enten a dark room bv two sinaU silts OCV In 
a eard, or piece of tin, they pvodaoe alternate bright and black bands on 
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ft Kx^^ SW h%% HtU« dlfltance>. When elihef Oiie or othor af tbe fiLito 
O tUT O' U *topi»d, Uw (t*rlt bftml™ vunSah. ftnd liae screen i« IlLamlAitted 
1^ m Dnifcrm Irght. jurrning timi the durlt bauds unt prcHltiii!«4 bj the it- 
terf^i^iice of (he twD sete of rays. AcaLn, Ji(^[ H dl, Gg, hi, be a beam of 
whU«i light pAaiflig ihjouf h a hrild at H, ta^ds with a fine D««dle in a 
p4et:c f »r lead or a cAfd. tJia nee^ved on a aereAu fi 3^ ■ Wh^ a halt, evr 
a Rinall Mp <off»rd h¥ aboat Um 30lii of an locti In broadtb, l* la^ld in 
Ibo beam, iIhs nyi bvod raqoif cm «a«h ddeof Lt, and. arriving mf tiw 
iiftiMB in diCTerenl «(atci o^ vibniiion, mtcrfere and form a seiica of dd^ 
lOni AiBgoa (in each vide of ft central while band m. When a piec^ ^ 
AuiJ b Inierpirteii at C. iio as t7 mterceiiJ: the lieht whkh |ia4iSi^t on one 
Hide of the hDir> tlie colar^ friagefl VDaS«}i, Wh«Et houKigeDeOiis It^^ 



b) UA^U the ffiiifei ata brriade^t !ls) red^ and Itecome niLmmcr for each 
cilcif of tbe aiMBcimni prop«aavely to iba i^iatet, which give* tbe i 



Ji^.SB. 




roWfAi and mo«l cnriwded frijigej. TheM vecj elcisiuit cipeiliDeBU ua 
due to Dr. Thomaa Voiing^ 

NoTK 194. pi>, leS. 1©L— PI?. 58 abowi KewttinV lioga, of which ihem 
■re neyen, fmmed by acrewiag tw^ lenaea flf 
^ut iDfether. Prm^^d^d the iDirident Uffbt bn 
while, they niways niieceed each otb)^ Ln the 
fbUowlfiig cutler I 

lat ring, or ftr* wderof colors; Black^TeTT 
ihlnibitie, hrllllftnt wbite^ yellow, urange^ red. 

!ld ring: Hark piif|ile, i>r rather vkil<?£, b\ae, 
a Tory imperf&ct ydlow gfte^a, ^i^M yettow, 
Cftowm n?d, 

3d rtn^ : Pojpte, bliue, rich grve grefra, fin^ 
ireUow. piiLk. f^f\mmm. 

4th ring : Dull blulfh preen ^ pale yellowlflh pink, red, 

5tli ring; l^le bluiih Rreen, Vk'bltfet Timk- 

6th ritiE : Pale bluf erceu. pale pink* 

Tth 'ir-i ■ S>-ry 'p<ik' '.I'r-'i *t-^-^>-t1 Vf^n,- pnlp iimk, 

A:-,' ■' ' •■•■!, .. •:. ••'■ . . ! ! . •- ■.>i tie ahiir\pMhed. 

The rings decrease in breadth, and the colors become more crowded to- 
gether, as they recede from the center. When the light is homogeneoos, 
the rings are broadest in the red, and decrease in breadth with every 
successive color of the spectrum to the violet. 

NoT» 195, p. 166. — The absolute jy^ 59. 
thickness of the film of air between *' 
the glasses is found as follows: — Let 
A F B C, fig. 59, be the section of a 
lens lying on a plane surface or plate 
of glass P F, seen edgewise, and let 
E C be the diameter of the sphere of 
which the lens is a segment. If A B 
be the diameter of any one of Newton's 
rings, and B D parallel toC E, then B 
D or C F is tbe thickness of the air 
producing it E C is a known quanti- 
ty, and when AB the diameter is 
measured with compasses, B D or F C 
can be computed. Newton found that p 
the length of B D corresponding to the ' 
darkest part of the first ring, is the 
96,000th part of an inch when the rays fall perpendicularly on the lens, 
and from this he deduced the thickness corresponding to each color in the 
system of rings. By passing each color of the solar spectrum in succes- 
sion over the lenses, Newton also determined the thickneos of the film 
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ofiiillr eonefliiQndlnE lo each color, from the bread th of tlie liDgs, whieh 
are &Iwitya of ihe Htune colur witli the bomiDecneouis light, 

Nnxx 196, p. 168.— The foe*] lengih or distance - *' 

of a \enn is ihe cllnUinc« from Ita center to the |jalnt 
F. fte. 60^ In which the refrarted rctys meet. Lei 
L L be a Tens t>f very Jtkort focai distance fixed in 
tb«9 wtndow-Eliutt^j- of n dark room. A sunbeam 
8L I/, [Hualnf; thrciiigh the leo», will Ite broitghi 
lo » foGiU In F, whcDCe It will diverge in lines 
PC, FiP^and will fonn a circular ima^c of light 
on ilie opposite wall. Suppose a eiiiti^t of load, 
havipK a siiiiall piti Hiole pierced through it to be 
plac^lin this heani ; when the pinhoti^ i8 viewed 
froDi hbhind with a lens at E, it is suiTounded with 
a acdm of colored ring^s, wfijch vary in appear- 
ancG with the relative pttslLintns or the pin hoto 
and eye with regard to the point F. When tho 
hole is the 30lh of an inch in diameter and at the 
diitance of 64 feet from F, when yielded at the 
dLEtanc« of S4 inches, there are seven rings ef the 
following colore : — 

1st order: White, mle vellow, yellow, fnunffey 
dull red. 

Sd order: Violet, blue, whitish-, gTBcnish yellow^ 
fine yeUovi^, omnge red. 

3d order: Purple, indigo, blue, greenish blue, 
brilliant green, yellow green, red. 

4th order : Good green, bluinh white, red. 

5th order; Dull green, fslnt bl^iiah while, faint 
red. 

6lh order : Very faint freen, veafy faint red, 

7Lh order: A trace of green &nd red. 



Noti IST, p. lee— Let LL', % 61. 
be the section of a lens placed in a 
window -ihntter, through which a very 
imall benjn of hght BLl/ passes inti» 
a dark room, and comc'S to a focus inF. 
If the edge of a knife K N be held in 
the beam, the rays bend away frfini it 
in hvperbolic eui'vee K r, K r^ Itc. In- 
stead of coming directly to the screen 
In the sQ-night line K E, which is the 
boundary of the sliadow. Ah these 
bending rays aiT..ve at the screen indif- 
ferent states of undutation, they inter- 
fere, and form a series ofcolored rdngwi, 
rri, &c. along the ed|;e of the shadow 
K JE 8 N of the knife. Th« fringes vary 
\n breadth with the relative distancea 
of the knife ed^e and scf«en fpum F. 
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'ft'^'ra. ^ NoTt »8, p, sifting. 

73 Feprewntt a helix or 
coU €f ebfifwr wlrp, tennt- 
Hated I7 two eupi eon- 
tniolnf a lltUe qakkxUver. 
^li€ti ibe paiiitiT« wire 
of a Voltaic tmttery it im- 
nnersed in tb« cup p, and 
the aeitiillve wire in ilie 
cup It, the circuit in ttmt 
pleted. The qaicJuilfer 
ifiBurei llic cotinettion l>etweea the battery and the helii, by cofiveyini: 
the electrickty from the one to the other. While the electricity tlowa 
throuirh the belli, the tnaf nfit BN remains Bm^iended wtihin jt, l>ul fniln 




diiwn the moment it ceas^. The megaet alwaya tiuns ili eottth pole I 
ti»wnrd r the pofltive wire of the batterer, and lie aorth pole lowartf tike 
Deg^aiive wire. 

NoTt 319, p. 319.— A copper wire coiled in the fbrm repreioated in 0g. 
73t jft an electro-dynamic cylinder. When it* ertremttiea P and n arv 
encinected with the prttiUve and nc^rntive poles of a Voltaic battery, itbe- 
coniei a perfi^Kt tuaftaet during the time that a cuirent of eleetrteity If 
liowInK through It, P and « lH;trif Ittt lUHtb and south polea. Then aire 
a variety of forms of thiA apparaiiu. 

N<n-K 2^», p. 330.— In ftp. M iho hjiwrbola R P Y, the paraboTa ;» PR, 

end the elUiiae A E P L, have the aanj^e foc«l diitimce S P, and eotncide 

Ihrotich a aiLiall ipace *m each »\4f of the perihelion P ; and as a ciiiiiei 

iH oaly vSMUe when near F^ it k dLffi^uli to aaceriala which oT the thfee 

I e4irvw It movflB In. _ ^^ 

w 



NoTK 231, p, 343.— In flg. 75, E A reprcKDta the orWt of HaUey'f 
comet, BT the orbit of the earth, and B the luii. The proportioii« are 
very nearly ejuteu 





NoT« 222, p. 360.— Fif. 74 rppreaeiitB the ciirven In qiieitlon. ft L 
eviileni that frijr ihe nnmn focal dif^inncfr HP, ihpie tnn be linl one dreJe 
ima ooe paialKila ;r F E, but that ikwFK tu&y ba an Uifiaity of eLlipaea be 
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tireen the eirde and the parabola, and an infinity of hyperbolas H P Y 
exteiridrfo the parabola i> P R. 

NoTC 333, p. 37J.~Let A B, fig. 96, be the diameter of the earth's orbit, 
mad toppofle a star to be seen in the directiaii A S' from the earth when 
■t A. HZ months alterward, the earth having moved through half of 
Hi oriiit, would arrive at B, and then the star would appear in the direc- 
tioa B B*, if the Aameter A B, as seen from B\ had any sensible magni* 
t«de. Bot A B, which is 190,000,000 of miles, does not appear to be 
giealer than the thiekness of a spider's thread, as seen from 61 Cygni, sup- 
posed to be the nearest of the fixed stank 

NoTB 334, p. 373.— The mass is found in the manner explained in Note 
133 ; but the method of computing Uie distance of the star may be made 
move dear by what follows. Though the orbit of the satellite star is 
leally and apparently elliptical, let it be represented by C D O, fig. 14, for 
the SBlBe of ulustration, the earth being in d. It is clear that, when the 
itar moves through C D O, its light will talce longer in c<miing to the earth 
from O than from C, by the whole time it employs in passing tlirough 
O C, the breadth of its orbit. When that time is known by observation. 
reduced to seconds, and multiplied by 190,000, which is the number of 
n^lee li^t darts through in a second, the product will be the breadth of 
the orbit in miles. Fibm this the dimensions of the ellipse will be ob- 
tained by the aid of observation, the length and position of any diameter, 
as 8|i, may be found; and as all the angles of the triangle dSp con be 
detormined by observation, the distance of the star from the earth may 
beeompuied. 

Ners 335, p. 376.— One of &e globular clusters mentioned in the text 
is represented in fig. 1, plate 5. The stars are gradually condensed to- 
ward the center, where they run together into a blaze somewhat like a 
snowball. The more condensed part is projected on a ground of irregu- 
lariy-scattered stars, which fills the whole field of the telescope. There 
are few stars in the neighborhood of this cluster. 

NoTK 336, p. 378.— Fig. 3, plate 5, represents one of those encnrmons 
rings tai ito oblkiue position. It has a dark space in the center, with a 
sonall star at each extremity. 

KoTK SS7, p. 378.— Fig. 3, plate 5, may convey some idea of the ring 
in the constellation of the Lyre mentioned in the text. 

Note 338, p. 378.— This most wonderful object has the appearance of 
fig. 4, plate 5. The southern head is denser than the northern. The 
light M this object is perfectly milky. There are one or two stars in it. 

Norn 830, p. 378. — Fig. 5, plate 5, represents this brother system. 

Note 330, p. 379.— Fig. 6, plate 5, represents one of the spindle-shaped 
nebuln. 

NoTB 331, p. 385.— Elongation. The apparent angular distance of an 
object from the center of the sun. 
28 Oo 
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Aberration of light, 30. NoleW. 

Abmrptioii ofaolar ligkt by the at- 
mosphere, 15i2. 

- — of light by colored media, 15S. 

not inconsistent with the unda< 

latory Uieory, 171. 

Acceleration in the mean nM>tioa of 
the moon, 36. 

of £ncke*8 comet, 34& 

of Bieia*8 comet, 347. 

Accidental colors, 159. 

Achromatic telescope,150. Note 193. 

Action and leietion, 5. Note 19. 

of Ught OB the rotina, 173. 

Adhesion of glass plates, 101. 

AiBnity, chemical, 103. 

Air, atmospheric, analyris oi; 111. 

Airy, Professor, his deteraiinatiOB of 
the inequality of the earth and 
Venus, 35. His experiments on the 
motion of polarized bght through 
quartz, 186. 

Algs, or sea-weeds, their distribu- 
tion, 367. 

Algol, a variable star, 364. 

Alhazen, the Saracen, ebeerved the 
effects of refraetioo, 150. 

Altitude, the height of a celestial 
body above the horizon, 148. 

Ampere, M., his theory of electro- 
dynamics, 319. 

Analogy between a stretched cord 
and the interference of light, 188. 

between the diflferent cays of 

the solar spectrum, 330. 

between light, beat, and sound, 

330. 

Analysis 8. Note 3. 

Analytical formulae, 101. Note 158. 

Analyzing iriate, a frieoe of glass, or 
a slice of a ci^ystal used for exam- 
ining the prmierties of polarized 
light, 180. 

Ancient chronology, 83. 

Angle of position of a double star, 
366. 

Angular motion of the earth, 86. 
Note 153. 

— velocity, 61, 86. Notes 89, 138, 
153. 
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Angular motions of the first three of 
Jnpiter's sateUites, 38. Note 89. 

Animal electricity, S09. 

Animals, distribotion of, 369. 

Annual equation, 34. 

Anomaly, mean, 37. Note 10& 

Aphelion, 16. Note 65. 

Apsides, 9, 16. Notes 49, 66. 

, motion of, 15. Note 67. 

Arabian science, 84, 37, 85. 

Arago, M., his experiments on pola- 
rized light, 187, 191. His observa- 
tions on the temperature of the 
eartii and the air above it, 350. His 
discovery of etoctricity from roc»- 
tion,335. His Treatise on CkMnets, 
347. On the probability of the earth 
being stmck by a comet, ifr. He 

Cves that comets shiae by fe- 
ted light, 350. His estimate of 
the number of comets, 360. 

Arc oftiie meridian, 46. Notes 134, 
135. 

Arcs a measure of time, 30. Note 76. 

Areas proportional to the time, 8. 
Note 41. 

Armature, a piece of soft iron con- 
necting the poles of a hone-shoe 
magnet, 334. 

Artesian welU, SMS. 

Assyrians made vm of the w^ of 
seven days, 80. 

Astronomical tables, 57. 

, data for, SI, 

eras, 81. Note 147. 

Astronomy, phyalcal, 3. 

of the Chhwse and Indians, 83. 

Atmosphere, aaalysls, and ptessure 

, tiie law of its density, 118. 

1 tiie efifeot of heat on, 113. 

V the extent of, 113. 

, osdUatioQS oC 115. 

of the moon and planets, 838. 

of the sun, 338. 

- — 'Ofoometo, 351. 

Atomic weifhta, 103. 

AUractiOD of a sphere and spbeiold, 

of the earth and moon, 4. 

of the celestial bodies, 5. 

, universal, S. 
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the earth, 40, 
BiirEoiv, Mf*. od terrettrial inikgiie'^ 
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Brmdley, Dr.» bin discovery of Juita- 
[JtMi, 7fl. Bti tables c>r refractkjo, 
1411. He iiteatWini the two iitJir* 
of J Virfnau, 3fi7» 

Bmhniiiis eiuiiioyed tbo week uf 
Mvi'n liftji. EMI. 

BiewBter, s?ir IJa*^, his diacoverj 
of flujda In the cjivltltai of mine^ 
ruU, D6, Hisi anatyaLB t,t solar 
li|;ht, 156, HLa luw of the pciiar- 
Iziiig aogle, 170, II U Immiim- 
tlOB ofthe tempenitufe of sjjrUifi, 
ass, BU« e^tlntate of the leiapern- 
tUJTCOfthejMj^esiif iiiajinium cdW, 
nndi of the poles of n(tt&UoQ,afi&. Ou 
thtT piifjjIlelUui ftf the EB(Rhf^^lfiaJ 
and jfeothermal \lasM. it, Bis ob- 
lenn'atiQDft on tili(«nh«tcac«iice^, 

Biialclier. Blaho^tt his ratue ot Ihe 

maw of the uhk^, 55, 
Rr<iwn, Mr., blsUjtiiaj of Auitmhii, 

Burhcin, Dr., Im accoiiat of a jrul- 

rage, IjiS, 
BurtieNy Mr,, hk accuimt of & i^iilcA- 

tile elavBtion, 34a 

D. 

CjERir, JalluA, liln CalendftT. ao. 
Cagnlnrd de la Tour, ^{„ hla liiven- 

Uoa of the Syren, 138. 
Call colt, Mti.i hof Account of the 

©flrthqaaie ai ValpEtrHidns S4e. 
Caloric the CAUJfe of heat, i*iku 
— — . the riidlalion of, ^VT, ^SO. 
Calorilic myflof the eolaf sixMitriiin, 

20tL 
— intlep&ndeni of ll^ht, 200 «t 

— ',. tranavdasioa of ^io,^ICI§ et Mt^. 
,r(.-dt>clJciQ and nl)!uir]Kion of thw, 

213, tfcW. 

, refraction of. 213, 

— — , iNiUirlxciilun of, 215. 

ITatotyiw, ltl4. 

CapJIIniy flttmrtlrtn, lOi. 

of lubca, lOe. KiUHi IGE, IfiS, 

170, 
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Capillary attraction of plates, 111 et 
seq. Notes 171, 172. 

Center of gravity, 4. Note 10. 

of the solar system, its motioB, 

7, 23. Note 82. 

of tlie universe, 23. 

Centrifugal force, 5, 94. Notes 18, 
157. 

Chaldeans, their observations of 
eclipses, 35, 37. 

Chemical rays of the solar spec- 
trum, 207. 

, transmission of, 907. 

Chemical affinity, 103. 

Chinese science, 83, 85. 

Chladni, his experiments on vibra- 
ting plates, 140. Note 179. 

Christian era, 80. 

Cfaromatype, 196. 

Clairaut, his computation of the dis- 
turbances of Halley's comet, 342. 

Cleavage, 107. 

Climate, 253. 

, stability of, 202. 

of the planets, 238. 

Climates, excessive, 261. 

Coal measures, their early f<mna- 
tion, 70. 

Cobalt, a metal, its polarity, 305. 

Cohesion, 96 et seq. 

Cohesive force, the intensity of, 104. 

Cold at Melville Island, 241. 

Colladon, M., his experiments on 
sound under water, 120. 

Collision of a comet, 72, 347. 

Colored media, their action oo light, 
155, 169. 

fringes, 162, 168 et seq. 

Colors, prismatic, 154 et seq. 

, accidental, 159. 

, complementary, 160. 

(tf the stars, 374. 

Columbus discovers the variation of 
the compass, 305. His account of 
the Gulf-weed, 267. 

Coma Berenices, the constellation, 
nebnli$ in it, 374. 

Comet, Halley's, 341. 

, Lexel's. 340. 

, Encke»s, 345. 

, acceleration of a, 345. 

, Biela or Gambart's, 347. 

, shock of a, 348. 

of the year 1680, 348. 

Comets, 337. 

, orbiu of, 339, 350. 

• — , fall of, to the sun, 350 

— -, masses of, 352. 

, tails of, 354. 



Comets, nebulosity of, 352, 356. 

, light of, 3.57. 

^ number of, 360. 

Compass. See Mariner's Compass 
Compresrion, 4. Note 11. 

of a spheroid, 6. 

of the terrestrial spheroid, 38, 

48,49. Note 31. 

of Jupiter, 7,61. 

of a fluid mass in rotation, 38. 

Concentric hollow sphere, its attrac 

tion, 4. Note 8. 

elliptical strata, 44. Note 120. 

Cone, 5. Note 22. 

Configuration or relative position of 

Jupiter and Saturn, 24. Note 85. 
,ofJupiter's satellites, 27. Note 

88. 

of land and water, 258. 

Conic sections, 5. Note 23. 

Conjunction, 24. - Note 83. 

^, contemporaneous, of planets, 

41. 
Connection between the variatkMui 

of the eccentricity and apsides^ 

Connection between the variatloin 

of the nodes and inclination, 19. 

Note 75. 
Convexity of the earth, 50. 
Coordinates of a planet, 10. Note 

56. 
Cosine and sine of an arc, 20. Note 

76. 

of latitude, 45. Note 123. 

Cook, Capt.,<-the object of his first 



Her, M., on the heat of the earth, 
942. 

Coulomb, his balance of torsion, 
975. 

Cumming, Pn^essor, his experi- 
ments on thermo-electriclQr and 
magnetic currents, 328. 

Cryptugamia, 267. Note 214. 

Crystaiization, 105. 

, the water of, 106. 

— ^ , effects of heat on, 106. 

Cube, 107. Note 163. 

Cubes of mean distances, 5. Not» 
26. 

Currents in the ocean, 94. 

of electricity, 287 et seq.^ 314 

et seq. 

Curves of the second order, or conic 
sections, 5. Note 22. 
— of double curvature are lines 
curved in two directions, like A 
cork-screw or helix, 186. 
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CyliBder or tube, vibrmtinn of^ 147^ 
- — , electro-djriuuDiCt 3191 Note 



Dofaerrentypc^ 106 
Dulton, Dr^IkiB tawi ofdefiiiiie pro- 
portion, ItH. [fLi experijnents on 

ovaparatltiOt 228. 
OnmokHeau, M., h]a eotnputatioti of 

Ihe portnrlwtVoaa of Qida'M comet, 

347. 
DuiibukM)!!, M., on tbe temperature 

of mieiei^ 241, 
Davy, Sir Huin|ihr>-, hlj opinion of 

electric light, '279. His decckniiuv 

titinn of the eartliH and nlkaliea, 

39G, Hi« experiments on ilie tfrmt- 

mlasion aftinn eli^tric Huidt 335. 
Bavy, Dr., hU eiperim^nts on anl- 

ina] electririiy, 335. 
Duy, the leii|!t»i of, in^riabk, 7% 
— — , ajBtronomicaJ &ad xJdereal, 81. 

Note 145. 
Declination, 83, 89. Note 134. 

' , coftine ol\ 90. Ntite J 54, 

Definite projiortlon, IM, 

of eteetridty. lOQ. 

Degrefsa, mkutei. and secondg of 

arcs, 9. Noie 50. 
of the merMlunT meaAiiratioa 

of, 4rj. 
Dulnmbm, M,, hi» computatiotis 

fihoTV tliQt the IcnjCib of the year 

haa not been Encreojed by thfl 

action of ccunelA, 338, 
De la Rive, M., dt^iemilnes the tem- 

peniuira of nn Artc^alan we F 1, 314. 
De Lnroche, M.^hls eiperjitients on 

Lha tmnflinisDlon of cali>ric, 210, 
Donnlty of bodies, 56. 

oir the Bitn and planats, 56. 

of the oconn, 45. 4H. 

^ of tbe earth, 73, 

Depth of the ocean, 50. 72. Sfl, 
Deviation of IL^tiL Note 191. 
DewT, the formation of, 221. 
Dituuelejr, SL Note 1, 

of the snti and eartli, 55. 

of the moon, Jupiter, and Pal- 

las, «(>, 31, 53, 
^ — , appurent, of the mm and plaa- 

et», 38. 55. Note 110. 
Dleotyledonmis plantN, 2fl7. 
DUnraction of UghU 168, 175. NoteB 

^ 103, im m. 

^^DJp, fnagnoUc, 3Q1« 



Diie, theappiretitBarlkceora hpsr- 

eQly i)ody, 29. 
Disponioa of light, 158. Note 90. 

onttia umUilntory theory, 15tJ 

DltptBcetuent of Jtipiter'i orbit and 

equator, 98. Noto 90. 
Oi^anre of the sun and planets, 

Note 132. 

of the moon, 4. 33. Note 17.' 

— -t perihelk>n, 10. Pfote 57. 
— of tbe fiietl Btars, 54, 3&2. 
^— may he Ibund frum Ihe mull 

pie systemft, 370. 

, lunar. 37. 

, invetae ariunre of thct, 5. Note 

. zenith, ea. Note 140. 

Distuibing force. 14. Note 63. 

of the »iin, 34, 78. Note 101, 

— ' — of the planets oti the luoon, 

of tlie moon im the enrth, 74^; 

of Iho nio<in on hei^elf, 3iS. 

Division of time. 78. 

, decimal, 79. 

Da;t«!:rtiner, RL, bl« experiments 

the comhurtion of plntinn, IIU. 
Dollood, Mr., his achromatic 

scope, 15&. 
r>aub]e refrmction, 175. Nolo SOQ. 

• Btam. 3liS. 

Dunlop. Mr^^hUcatalaeme of double 

stftrs. 3ti8. 
Duperrey, CapCaln, his detertnlni 

lion {jf the magnetic equator, 3t«. 
Duitejour, M., |irovoii that a coiiJ*t 

cannot remain long near the ewirth, 

338. 
Dynamics, the acteiwe (*f foree and 

mol»n, 303. 



and 



Earth, form of the, 5, 43. 
— — ; from area, 45. 

■, frum pendulum. 47. 

, from lunar theory^ 39, 

- — , from precession and ^ulalloD, 

50. 

', from the mean of all, 49. 

. mean diameter, ctrcnmfarence. 

jDolar and eqnauirlul radius of Uie, 

47. 

; denitily of the, 5ft, 73. 

— -, Internal Btrncture of the, 73. 
- — -, central heat, and leniiienUiire 

of tbo. m ft teq., 341 et »eq. 

, magnetism of the, 3UU. 

— , maignetlr by Indiuctlon, 330. 
.rotation of the. See Ruiatioii. 
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Earthquakes, 248. 

, noise of, 132. 

Echoes, 132. 

Eclipses of the sun, 40. Note 114. 

of the moon, 39. Note 109. 

of Jupiter's satellites, 29. Notes 

63,94. 

of the planets, 41. 

Ecliptic, 8. 

, plane of, 10. 

, secular variation of, 19, 75, T7. 

Egyptians, their y«ar and week, 80. 
Elastic bodies, vibrations of, 135 et 

8€g. See Vibration. 
Elasticity of the atmosphere, 112 et 

»eq.' 

of matter, 96. 

Electric induction, 276. 

intensity, 277 et seq. 

tension, 278. 

clouds, 281. 

currents, 291, 314, 319 et seq. 

and magnetic currents, 319 et 

seq. 

machines, 333. 

Electricity, common, 271. 

, eflfects of, 282, 286. 

, sources of, 271, 280. 

, atmospheric. 281. 

, velocity of, 284. 

, Voltaic, 290 et seq. 

, animal, 299. 

, thermal, 328. 

by rotation, 32.5. 

producing rotation, 316. 

of metallid veins, 332. 

, magneto, 322. 

, identical with magnetism, 325. 

, identity of all the kinds, 336. 

Electrics and non-electrics, 27J et 

seq. 
Electro-magnetism, 314. 

magnetic induction, 317, 318. 

magnets, 317. 

dynamic cylinders, 319. Note 

219. 

dynamics, 319. 

Elements of the planetary orbits, 9. 

Note 57. 
, how founded from observa- 
tion, 58. Note 135. 
Elements of parabolic orbits, 339. 

of stellar orbits, 364. 

Ellipse, a conic section, 5. Note 24. 

, the limits of, 187. Note 210. 

Ellipsoid, oblate and prolate, 4. 

Note 9. 

of re vol ution, 44. Note 1 19. 

, terrestrial, 49. 

29 



ElllpCical or true motion, 8. Note 

Eocke, Professor, his determination 
of the orbit and motion of the 
comet named after him, 346. Of 
Its acceleration, 346. And of the 
orbit of the star 70 Ophiuchi, 367. 

Epoch, the, 10. 

, longitude of the, 10. 

Equation of the centre, 9, 34. Note 
48. 

of time, 78. 

Equator, 4. Note 11. 

Equilibrium, stable and unstable, IS. 
Note 60. 

Equinoctial, 9. Note 46. 

Equinoxes, 9. Note 46. 

Era, the Christian, 80. 

Eratosthenes measures a degree of 
the meridian between Syene and 
Alexandria, 48. 

Ether, its nature, 171. 

Ethereal medium, 21, 97, 171. 

— f temperature of, 2:19. 

— , resistance of, 337. 

— , vibrations of, 171, 193, 194. 

— -, elasticity of, 31. Note 99. 

Eudozus describes the state of the 
heavens about the time of the 
Trojan war, 84. 

Evection, a lunar inequality, 34. 
Note 103. 

Eccentricity, 9. Note 52. 

, secular variation of the, 17. 

of the orbits of Jupiter's satel- 
lites, 27. 

of lunar orbit constant, 36. 

of the terrestrial orbit diminish- 
ing, 19. 

of the terrestrial orbit, its varia- 
tion the cause of the acceleration 
in the moon's mean motion, 37. 

Expansion of substances by' heat,' 
222. 

Extraordinary refraction, 150. 

ray and image, 173. 



Fall of heavy bodies, 6, 49. 

at the surface of the sun and 

planets, 56. 

Fall of meteorites, 381. 

Farndny, Dr., reduces the gases to a 
liquid* state, 99. His causes of 
affinity, 103. His experiments on 
spontaneoua combustion, ib. His 
theory of the aurora^ 289. Hid 
\iews of electro-chemical deeom- 
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poftUioEit ^7. His (^xpertfu^iits 
oa tbe irauAjcilsstan of electticliy, 
aaa. He priNl uccn ffitiiliary mnilon 
tiy the electric foitta, 315, HU 
cx]jtfrLiiionti( on iDa|rnetu-ele€tri- 
ciijf, 323, iJe prov^ the UleniHy 
of ibe eleciric ttnd tiiagneU'' fluids, : 
334. His t'ipl unci Lkta of ek ciii ci- 
ty (fvolved (ly rouiticfi. 3J5, Ilia 
ctassifii:»iiloii nf iiiUftDeiiid niil>- 
BtnDCf?«^ 327. Ola ox jK?ii lut-n tti on 
the iDducUon flf tflirrei*triiii mag- 
naUsui, 3^, Ho fiipixisc-a ruttt- 
tlon a caDse ^if elecirie curriKiia 
Iti tbii ctiirtli, 313. On ttiK PVf^l^I 
tiQD nf cledrlcrurrenta^ and Ideti- 
lily oftbe liiiTereni kiuils uf uJeq- 
irJclEy, 336 
Fiiye*B come I, 341. 
Fiedler, Dr., h]s rnlgorHes, 283. 
Flftirt! of thfl eafth. Stee Earth. 
Flulil?, thti undiilaLloDS of, 0^ Xotii 

150. 
— — , comprcfiiion oT. GO, 
- — , cai»illjity nitmrtJon <)ft 111* 
Focal disUiDcq, £, Note '23, 

length of ft Icnjf. Note JBfi. 

Fnel of ui &tni»gi9, A. Note 22. 

on heat pnltiriKiilkiii oft^i^, Ou 
the heut of nitMinlighi, S30, Hi» 
i«jrj:ipr]njf»tits iltiHiif! tlin mvnolar 
eclipse of Ihe Hiin, \5B. 

ForcGi llae unkriown cauEQ tif nio- 
Ticill, 4 ft passimr 

prniHMtton a t to v el ocity , 8* Nolo 

arr. 

-- — , grnvlUtliTg^ 6h Hce Orsivitn.- 
ikJii. 

, tCBtrtfugnl, 5v 43, NcrteB JS, 

117. 

■ , mnlci:ulnr. M. 

* — ', tJlLctrlc, *i74. 

— ofllRliLninpj, -282, 

Fnrcea which fix tKtj^ nntnreof tba 
conk i>ectii>ji!^ In wliich tiie pljin- 
pis aed comets fiK^vSt 301]'. Aoic 
333- 

Foster, Cypt., K'lnfirkH on ihe clear- 
nei^ with whii^k sound in tnutP- 
inftltHl rjver Ice, 130. 

Foiiriec. M., his estim'Jto of the tein- 
iJt^rDture of &\inm. 24(X On llie 
deEreosfj f»f ct^nTfiU heM, 2lS. 

Fojf, Mr,, r>ii ilic ren^psmlure of 
mines. S42. On tlw> law tif piEiijf- 
netic hitcHisUy, 31W. On currcnl^i 
of elPftrieliy In [iii'tiilltc yeins, 331 . 

FriinkJlti,5[r Juhti, hh ohsorvtillnntt 



on t^ic {empcmtUTKO f»f the Ai«ii|] 
repiurni, 300. 

Fmunhofer, ProTe^sor, hti dark Uiitw 
in the solai Jtiwctruiii, l."*?. His 
aolftr spectrum, 193. 

Frets ne[„ M., proves the i^xtiiiKKiHiiii 
ly roy to be wnntiug in solus vail 
8tnncpfiTlT7. Hi« ex|x<r|jiieatiOii 
eircular nnd elltjitic^l isMi^tlzB 
tlon, IHG; }ind on hfihi imsiof 
thrinigh ihii ujtSa of qimrtz. I!ff7> 
On tlie Interference of light, J^JL 

Fringes of color nL)i nut circular aper 
UiWHr Jee, Note IflO. 

FulB«riteR» 393. 

FiindiiiieDtal noie In muMle, 135. 

G. 

Cblileo first oUs«rvG4 (bo nodal 

IMJints of YitirntLiig tiodies, 140. 
Gnlv^nnl, ProfusBior. his dim&v^ity 

290. 
Galvimometer, 319. 
GfinibEtrt^ M , hi^ comp^iatloti ol 

the elemeais nf a couiet, 347. 
Quritnej-, Mr., <ni the conflsitratloa 

of I nnd nuil witter, 353. 
Gay-Ln^nc^ M., h^ law of Hie com- 

Mnniiofi of f^ies, 109. Hia cjitJ- 

uiRiii^n of the lengLJi of a flnslj of 

liihtnlniT, 9hl2. 
Gentiniine, [M,, hci {ib!»?rvaliaQ!) nu 

the heat of mines, S42. 
GlPS^'cke, Sir Charles, on IsnilHTnTnl 

line«, 300. 
Olnsa iiii|ierinenble to heat, aiW £| 

geq- 

[itlm], 153, Note ISO. 

'^ ciovvn and thni,, properties of» 

158. 
. polnrizinf ni\fi}e of, 179, Nolfl 

ai5. 

, iilbmiioiis of,, 14L 

Goathit:ke, M..hiii oiiiaien cf varia- 
ble Rlnrn., 3155. 
Cftiluinu Ills C'nn|i*nsation iienilu. 

lam, 224. 
OmvitarLon, 3, 44. Note S. 

■■ , terrcB trial, 4- 

- — - decreflscft fttnii the jKile* tn the 

equfUnr, 44. 

, thr inttnsliy of, 4. Note 13. 

' of the phint^s and B0k]lliea,5. 

Note m. 

', imiversnU *? et Eta. 

— — , ihr> nfliurc of, 3iO. 

' proiininionni lo the inflRS, S, 

Nf>[f^s ^. 38, 
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Gravitation, a consequence of elec- 
tric action, 97 et seq. 

Gravity, the direction of, 43. 

Great inequality Of Jupiter and Sat- 
urn, 34, 83. 

Great comet of 1843, 3S0. 

Grimaldi, his discovery of colored 
frinses on the borders of shadows, 
168. 

Grylli, grasshoppers, crickos, lo- 
custs, Aec, ISa, 196. 

Gymnotus electricns, 299. 

H. 

Haidinger, M., his experiments on 
crystalization, 105. 

Hull, the first to construct an achro- 
matic telescope, 150. 

H alley's comet 341. 

Hanstein, Professor, discovers all 
substances to be magnetic in a 
certain position, 305. 

Harmonic divisions of a musical 
string, 134. 

divisions of a otdnmn of air, 

137. 

Harmony, 136. 

Harris, Mr. Snow, his experiments 
OB electricity, 376 H »eq. 

Harrison, Mr., his compensation pen- 
dulum, 234. 

Hearing, the extent of, 196. 

, experiments of Dr. Wollaston 

on, 125. 

. experiments of M. Savart on, 

136. 

Heat, theory of, 806. 

, transmission of, 308. 

of various kinds, 310. 

, solar, transmission of, 313. 

— — , maximum point of, in solar 
spectrum, 214. 

, polarization of, 315. 

, analogy between light and, 

218. 

, radiant, 390. 

, expansion by, 322. 

, propagation of, 335. 

, latent, 227. 

, application of, 229. 

, supposed to consist of undu- 
lations of the ethereal medium, 
230. 

, solar, 231 et teg. 

, quantity of solar, 352. 

n quantity of solar lost and gain- 
ed by the earth, invariable, 361. 

, central, of earth, 941 et »eq. | 



Heat, superficial, of earth, 959. 

, distribution of, 253. 

, influence of, on vegetatkm, 

2t^. 

Height of atmosphere, 114. 

of tides, 91. 

of mountains, 7. 

Heliacal rising, 80. Note 146. 

Helix, circular and elliptical, 186. 

Henry, Professor, his temporary 
magnet, 317. 

Herschel. Sir William, his discov- 
ery of the satellites of Saturn and 
Uranus, 32 ; of the rotation of Ju- 
piter's satellites, 65 ; of the calo- 
rific rays of the solar spectrum, 
199. His observations on the point 
of maximum heat in the solar 
spectrum, 214. His account of 
the nucleus of the comet of 1811, 
352. Number of fixed stars he 
saw in one hour, 361. His cata- 
logue of double stars, and discov- 
ery of the binary systems, a6SL 
His observations of it Serpentarii, 
and of § Orionis, 368. On the 
motion of the solar system, 370i 
His observations on the Blilky 
Way, 374. On clusters of stars, 
375. On the nebulae, 376. His si- 
dereal astronomy, 381. 

Herschel, Sir John, his estimation 
of the thickness of Jupiter's ring, 
62. He ascribes the decrease of 
the earth's temperature to the se- 
cular variation of the eccentricity 
of the earth's orbit, 70. On the 
decrease of heat in the northam 
hemisphere, ib. Proposes the use 
of equinoctial time, 81. His re- 
marks on the clearness of sound 
durine the night, 130. On thun- 
der, 132. His discovery of two 
new prismatic colors, 156. 'His 
argument in favor of the undula- 
tnry theory, of light, 169. On the 
phenomena of polarization of 
light, 172. On polarizing appa- 
ratus, 183. His discoveries in the 
photographic spectrum, 197. On 
the discontinuity of calorific speo^ 
trum, 206. His discovery of the 
parathermic rays, 231 . H is theory 
of volcanic action, 249. Supposes 
the ether may be in motion, 350. 
On the contraction of the heads 
of comets, 356. On the gravita- 
tion of the binary systems, 363. 
His estimation of the distances of 
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liie fliiAd ii&rft, ilif. He misnai a > 
■tir, 36S+ H Ifl nccoa nt of tbe iia r 
Algal. 364, Detef mines the ^ 1 Up^ 
Heftl bmhIqcis qT bintifi' iy^teiiiti, 
3^. DeiennJiiea tJie orbk df ;^ 
Virfinlnv t** Aduli lo tJie cata- 
logue of ilmiM« «tsrs 3Gti. Op 
t^e color of thci Mars, 374, On 
e^u<i«ra of mun^ (>. On tbc ne- 
bula, SfTft rt jfff - 
Herachel, Mam Cam^ne, tier «jlH«r- 
vntioHi of Kncke^i cnmeL 34Sw 

tlevehiii am noiked ihe cammc- 
linn QiT cometa in npprDactilag ihe 
■uiL, 356. Tboiifbt He saw- the 
l»)iaH» of a ccHne £, 31^. Mentions 
% vsiiflhle Rlar, 3134, Hi* olwer- 
vallnni o,^ Hnyuy'^i conieL, 343. 

ilipparctiiuf illit^irvm preceaaigti, 75s 
tlia cAtnliifrue of Kiiirv, 3@3, 

HniiiOfpncoiH Ifghi, 154. 

f|i)ieroict, it A muiiion^ 44. 

Horl zontnl tef raaloiw 39- Note 1! 3. 

parallax of Ikc mooa^ 51. 

Uoroecopi!, M. 

HiiJtibflldtp BflTon, hi* oCiiefvaiione 
iHi the Gulf-BlreiiiD, m. Elf«t* 
«f the mfity of ihc air cin, 114, 
Uii abfle^rvatluiis dti Lbe bansiDla- ! 
Bion of son rid, 1*J. On the tfoi- 
fH>miure cf mitKifi, SM'S. On Ihe 
distrl tuition of heal, ^>I. Hia lio 
t»a icrt I " ti?«=tv at ion r, "STjO. On ilie 
dJKtribinifin of plan is, 367, On 
rtae CJ u 1 1 weed, EWB, His obaerva 
ijcinfi no leirEttitrial mufactiani, 
330, 

HiirricntieSt Uwa f>f, Ufl 

Hiiyficn)ii, his uudulatoiy llieorv of 
tlijlit, Hk^ 

Hi^perbula, 1$. .Nate ^. 



Ihn Jdnl9t hla nbiiervntlOfi«, B5. 
Ice, lis ii»>nble rffinciirian 177. 
— — ' UBf^fiil for |n>|urifl;InB lighft 183, 
-— jfinnjrnieable by Voltaic etee- 

tricii>% -m. 
Hubf^i-gt i[firte<l rfoiii ihfl poles, 0S. 
- — coltlsiun lit, a ctuisc of Hfih.1, 

Icr-hind Bpnr, a f!iirbnnnte of Lfmep 

ill* fonri, nrK NikH- UMl 
-'^, rt (JoiibLv fefriitiiSni q.uhitnncei» 

JTO, i\c>te^JW. 
- — useful ns an nnalyzlng pliile, 

Jil 



leeUad spar a nflgaiive eryfliaJT ITfL 
Ifnitge fri^m m erystiil wtih one ii|h 

tic aiia. lii^. Note Off?. 
— — from a cir^ml wKh two opljc 

Impetus, a forre proptJitlouBl tailie 
Otaaa and tint aqtioff- of (h€ Vc- 
hjdty *i|" the ttriklnir body cdo- 

Inipoadcrable a^fents^ 3%^ 
Inactive Waes m photriSFaphk iptc- 

tmnt, 204, 
IneiiaatioD of plvaetary prtdtiy i, 

J^Joie 53. 

VHTiatlon t>r, ]& ?i«te 75. 

[ndinas, the lunar tables e/f, ^3. 
lacquiiLitJL^. See PcnnrhatinaL 
Ini^t^. the diiitrlbutLoii of, JETO, 
fiUenskv «f l?shu 1G4. 
- — of sound, 1^4, 130, 
— — <jf etiivitatloii, 4. 
[aterfefe nc*j of wnv<!fl, 9i, Nol# 14T. 
of itdea at Batslia in Toaquiitn 

03. 

of«»uiid, 133. 

~ of light, 181, lar, Nolfia 193, 

211. 
Internal he«« of tbe ennh, 67, 343 

fltrticture of the earth, 74, 

BCniciure of Jupiter, ^, 57^ 

structure fif Saturn and Mars, 

lavnriable pitnneof the^tar ^yfitem, 
2-2. 2S'otc tJO. 

, poKttion of, aa. Note NL 

of the universe, 23. 

I averse Hiti n re n( ftktanre^ 5. Xoia 
23. 

— c ube "f d isinncis 55, Xote 1 33. 

Imn, Us niKgnMlq iimpeflie*^. 30,t, 
3!^7. 

Esri4'eE>tbE'nj]iil lines, aiU. 

rjioniurphiisiii, UMi. 

Isothimickl line^, 2S{|. 

Ivory. Mr-, hi* dcttrtnlnnilnn nf ifee 
ftiftn of the terrestrial ^phenvid, 
43, 47. HH formuhi^ for (»arn- 
iiKtrjcnl nK^ntitinii lentil. 113. On 
ilioilLiilrlbnilun tif the dec Eric flu- 
id, 276- 

Jews uwd the WflPk of ^evpn lkT■^ 

Jovini E^yslein, the rn?iRa of, 5S. 

Julian Calendar, HI), 

Jnpiier, the coniprc'^.^irtn of fB. 
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Jupiter, magnitude of, 56. 

, mass of, 55. 

, rotation of, 61. 

, precession and nutation of, 28. 

, in conjunction and opposition, 

30. Note 06. 
and Saturn, their theory, 24. 

Note &4. 
Jupiter^s satellites, theory of, 26. 

, masses of, 26, 54. 

, orbits of, 26, 27. Notes 86, 87. 

, law in the mean motions and 

mean longitudes of, 28. 
—— , synodic motions of, 29. Note 

92. 

, eclipses of, 29. Notes 93, 94. 

, configuration of, 27. Note 88. 

, e^ct of Jupiter's form on, 26. 

, seculjir variations of, 27 et seq. 

, periodic variations of, 28. . 

, effects of the displacement of 

. Jupiter's equator and orbit on, 28. 

Note 90. 

, rotation of, 65. 

, libration of, 64. 

K. 

Knter, Capt., determines the length 
of the seconds pendulum at Lon- 
don, 84. 

Kempelen and Kratzenstein, their 
speaking machine, 147. 

Kepler discovers the form of the 
planetary orbits, 5. Note 26. His 
laws, ib. 

Kupffer, M., his observations on the 
isothermal lines, and the poles of 
maximum cold, 261. Discovers 
a nocturnal variation hi the com- 
pass, 303. 



La Grange, M., proves the stability 

of the Solar System, 22. 
Lalande, M., his computation of the 

contemporaneous conjunctions of 

the planets, 41. 
Lamina^ vibrations of, 140. Notes 

181,182. 
Lamouroux, M., on the distribution 

. of sea-weeds, 267. 
Languages, collation of, 270. 
, vocal articulation of, imitated 

by machines, 147. 
La Place, the Marquis, his determi- 
nation of the invariable plane, 22 ; 

and of the great inequality of Ju- 



piter and Saturn, 24. Proves that 
the lunar perieee and nodes are 
not affected by the resist«ice 
of ether, 36. He discovers the 
cause of the lunar acceleration, 
ib. His theory of spheroids, 43. 
He ascribes the motions of the 
planets to a common original 
cause, 61 . Proposes the year 1250 
as a universal epoch, 81. Quota- 
tion from, 82. Proves the Indian 
tables to be as recent as Ptolemy, 
83. Proves that the discrepancy 
between Newton's theory of the 
tides, and observation, de^iends 
upon the depth of the sea, 86. On 
the utility of investigations of 
cause and effect, 90. On capllla- . 
ry attraction, 109. On the oscil- 
lations of the atmosphere, 115^ 
On the comet of 1770, 338. . On 
Halley's comet, 342. On the ex- 
tent of solar attraction, 344. On 
the comet of 1682, 357. On tbe 
origin of the Solar System, 377. 

Latent heat, 226. 

Latitude, lerrestrial, 4. Note 11. 

, celestial, 9. Note 54. 

, square of the sine of the, 47. 

Note 126. 

Length of a wave, 124. 

of the seasons variable, 69. 

of the day invariable, 66. 

of the civil year, 79. 

of the Egyptian year, 80- 

of a degree of the meridlaa, 

46. 

of the pendulum at London, 

84. 

of the tails of comets, 355. 

Lens, 159. The glasses of a tele- 
scope and of spectacles are lenses. 

Leslie, Sir John, his theory of the 
internal structure of the globe, 73. 
On radiant heat, 207. 

Level of the sea, 84. Note 150. 

Lezel, M., his comet, 340. 

Libration of the moon, 64. 

of Jupiter's satellites, 64. 

Light, 148. 

, velocity of, .31. 

, reflection and refraction ol^ 

148, 170. . Notes 184, 198. 

, analysis of, 154. Note 190. 

, absorption of, 154.- 

, intensity of, 164. 

, dispersion and deviation cf, 

158, 191. 

, propagation of, 164, 171. 




Lfi^UU iiitertercnco oC, J 61, 187. 
— — . itiiFractlDR of. 168. NoHis JflS, 

of coRiels, 357, 

nf tiled ittiiip 363, 

- — -t actt^m «C nti ri:tUi&, 172. 

, ticctfie, "J7f* 

. , iHy\ntii^iiim of, 173. 

^■^^ , eumiintiug Iheftry nf, l(jil< 

, ufidiilalory iheury i>rt iee rf ir^^ 

^t ■:thjccliii>n!s to ihe DodulAiory 

[Ifteory of, rtmovcd, IDO. 
, kngih iiml frtiquMiicj' of *h& 

UDdulatiubH nf„ KM. 
Llghliiinf Bod lU eff^ta, ^J. 

, I4« velocity, Sfl4. 

Line* i>r ih* ftecond order, w conic 

flcclinn!!, 5. Note "22, 

' iji" iici varinikfrii 301, 

<if jterpetyul sroWj 456. 

- — , i?N»ihurroii]. SSa 

, iwi(reoLb«rliml, ^(2. 

l^mgiiliiiit, Iicfre4itf)!t|, 0«, 'M, 41. 

iNutoall.fflS. 

, ct'lcftlinl. tt. Note *7. 

orpcf^rrlichoD, 10, 

inf nodes, 10. 

^^ nfepneb* 3tl. 

LunSf theory, 33. 
- — - ltieqtiurktjn$, 34. 

DcU[w?i^ 30, 

ilistaiicc, 42. 

£[ih(TQ|d. (H. 

Lunrtr cirltiii 33, 

——, extm%T\cUy and IncUnatloa tff, 

coDBUint, 35, 

^ niiiniloii of. 39. 

lijell, Mr.^rm tlie iGmpemtiire of lh« 

norihera heml(ijli«r«, 7a. riin »- 

tininle of the nuiubsr of vulcanic 

«riiLptioDi!, !M)i. 

M. 

MEiekinli^^h. Bit JnnkB^ u qiicitiitliKn 
fnmihiE 'Cenoml VWw oftln^Pra- 
jrrejss of Ethi^ail Philo*3pliy/^ J. 

Mngncta, 305. 

— , tempiTvrnry, 317 U iufl- 

BiliNrni^tLc inendlflr>, 30 L 

— — VK^^''5ty "^° '^'5 eorlh, 301. 

dip and equulEif) 30K 

pies, 300. 

-- — iniiinsLiy of the eaitlt, 3(RU 

iiiiiuctlon, 306. 

mrcfl, 3(l«. 

fliUd. 30B. 

Hnd electro forces jm, 



of dllTflrcnt ftubi!t:inepf, 3ri5. 

and eli<cUidly ldvntic«Ll, 'S^ 

Df the fun mod plFineia, 334. 

^ tcffssirlal. 300i, 3aj. 

Mn|^eto-etectrlcUy, 3^ 

Miytir nuia nf iin ellipae. Nu«b ^ 

of Hii oryt, P. Note *i. 

^— , E^cultir motkm of, 17. 

-__- of jilniieiaFy orbits ftivarlAMl 

in leirtfiib, ID. 
Mafiis, M.* hia aiscovery of the pft- 

jctrii^tion of fifhl, IdU. 
^! ail kind liit-otirni in n^ietriefl, 970. 
Marcet, M., tm Hm ierii|Virraiunj of 

an AfUfflifln weil, 244 
Morco lVlf> finds a diSii^uUy nC kin* 

dting ftre lil gJTcat iicLgtii^ 1 14- 
Mnnne pid^fiti, tlitir dbtfiliutlfta, 

MurlEier'a crnnpu-sa, ^4.^ 
— ^, variiitiim of^ 301 , 
Man eclip^d Juplivr, 41 

, paraliax of, Kt 

, doaiprirssi^n of, 37. 

, cibaaU" ofv'ZW. 

Mmi, fi. Note 37, 

- — (if the so a and piano t9, ^. 

ijf Ju|iitcr*s 3Uitellii«fl, S5. 

-^ of I lie mood, iiS. 

of J 11 pi til I and Uie Jovtiil ift* 

torn, 55. 
— ' of c.»irneu*, ^ITja. 
Moilientntical And McctuLfilcai] Sd* 

caces, '2. Note 3- 
Matter, [jroportion of. in iu3y twv 

idnnelA, 55, Nate IM. 
, the animate ti^rtkleM ofi 96 el 

gEq. 

^, ihe ftltractjon of, 4. Note 5* 

, Us dltTui^ioii in tfp«c*, 3^1. 

Moximiirn aqtiftireB, 59. Note 138- 
pciin: of lit-iii So solar Bpeeiruiai 

2i4. 
Mayer, M., his cntiil^igiie uf Btais, 

367. 
Mcftu lime, 7S. 

. d Igiiance, a N fitc 4 1 , 

^^-^ motion. 9. XtJifts 43, 4S. 

loDgitude, 0, Note 47, 

maiioDif and qiajor nx^s, their 

coriiiiUiDcy, 19, 
jniiUiinfl of Jupiicr nnd SnttirUt 

law of, ^M. 
Qiolions of Vi^HUfl and the earth, 

— — niotionti of Jiipitfr'ii sEtl^llitc^ 

law of, 27, 
Mcnsurea, atuDdftrdf of, 84. 
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Melloni, M., Iiis experiijients on the 
transmission of caloric, 20B et aeq. 

On the point of uiiiximum heat on 
the solar spectrum, 215. 

Mercury, the planet, rotation of, 60. 

, climate of, 340. 

Meridian, 46. 

^ mensuration of, 46. Note 124. 

, form of, 47. 

, quadrant of, 83. 

Messier, M., on I^xePs comet, 340. 
Was the first who observed 
Encke's comet, 345. 

Metals, dilataUon of, 223. 

Meteorites, 381. 

Meteors and shooting stars, 382. 

M^tre, a French measure, 84. 

Mica, its action on light, 180, 181. 

MUky Way, 54, 374. 

Mines, temperature of, 242. 

Minor axis of an ellipse, 5. Note 24. 

Mirage, 151, 152. 

Miraldi, M., discovers the rotation of 
Jupiter's fourth satellite, 65. 

Mitscherlich, Professor, on crystali- 
zation, and the effect of heat on 
crystaline bodies, 105, 106. His 
theory of isomorphism, 107. On the 
expansion of crystaline bodies, 224. 

Molecular attraction, 96. 

Moleculei, or ultimate particles, 101. 

Moll, Professor, his temporary mag- 
nets, 317. 

Momentum of the planets, 12. Note 
59. 

Monocotyledonous plants, 267. 

Monsoons, 118. 

Moon, theory of the, 33. 

, periodic and secular perturba- 
tion of, 34 et seq. 

, action of planets on, 35. 

disturbs her own motion, 35. 

— — , acceleration of, 36. 

, periods of her secular inequal- 
ities, 37. 

, mean anomaly of,37. Note 106. 

, form of, 64. 

, mass of, 55. 

, rotation of, 63. 

, libration of, 64, 65. 

, constitution of, 65. 

, light of, 239. 

, atmosphere of, 238. 

, phases of, 38. 

, eclipses of, 39. 

, orbit of, 33. 

, nutation of, .1H. 

and earth's reciprocal attrac- 

Uon, 5. 



Moon's southing, 91. Note 155. 

Moorcroft, Mr., his botanical obser- 
vations, 205. 

Moser's discoveries, 2.33. 

Mossotti, Professor, his theory, 97 
et aeq. 

Motion, mean, 9. Notes 43, 45. 

, true, 9. Note 44. 

of solar system, 6. 

of translation and rotation, 6, 7. 

of solar perigee, 81. 

of lunar perigee and nodes, 37. 

of ether, 350. 

Mundy, Captain, his observations 
on mirage, 152. 

Musical sounds, 125. 

instruments, 137 et seq. 

strings, vibrations of, 134 et seq. 

Note 176. 

N. 

Nature, laws of, 386. 

Nebula;, 376. 

, forms of, 377, 378. 

, stellar and planetary, 379. 

, constitution of, 380. 

, distribution of, 380. 

Nebulosity of comets, 352, 357. 

Nebulous stars, 379. 

Needle, the magnetic, 300. 

, the dipping, 301. 

Newton, Sir Isaac, on the attraction 
of spheroids, 4. His discovery v€ 
gravitation, ib. Of the laws of 
elliptical motion, 4, 22. On the 
figure of a fluid mass in rotation, 
43. His theory of the tides, 8G. 
His analysis of light, 153, 154. His 
theory of light, 161. His rings, 

165. Mensuration of Ills rings, 

166. His scale of colors, 167. 
Nickel, sulphate of, its properties, 

106. Note 161. 

Nodal points of vibrating strings and 
columns of air, 134 et seq. 

lines in air, 144. 

lines on cylinders, 141. 

lines on surfaces, 138. 

Nodes, ascending and descending, 
10. Note 55. 

, motion of, 18. Note 73. 

connected with the inclination, 

19. 

Norman, Robert, discovers the mag- 
netic dip, 305. 

Nutation of earth's axis, 76. Note 
144. 

of lunar orbit, 7. Note 35. 
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Nutatimi. rwi\ffot&U ^r eartk luul 

lunar ufhiu 1* Note St3. 
— ^^ edwt« oi; 73. 

O, 

OblHie BphtrroW, 4. Note S. 
DbllquUx of Ltw rtrl liitic, 9, ^I . Note 

Ml 
- — , Its v»rHiti«iii and UmilB. 23. 
Oteultfiiinn of (iliaDeti Mid tlafB, 41^ 
Ocean, Uilca oi", fij. 
— t flifccta t»i; an gnivltdtiim, 5<». 

, denaity tjf. 50, 

— , mtMtn ik^ith of, 8ft. 
- — -, tinbimy r»r 93, 
*^— ♦ <fiirrenki in, 05. 
Uctnfa«dr4»nis, mS. Xi»u» 160, 163. 
Oiifified, Profifeaiof, hid rti«ov«ry oj* 

plecirvj-inai^neLJgiu, ^IB. 
UltwTV, M., bi« Db&ervaikioB nf BUs- 

la'* eoiriet, J^7 ; luid of tbo i^mel 

cnail, 3a3. 
Oliuitcd, Profemor, on lEi? shooUng 

alnri of tlii" l3|h nf Noveoibcr> 3SS. 
Oppwitlafi. ::JS). Note SHi, 
Opfk fta:i« of a tryaUil, 177* A'olu 

' of cotoeLs. 330. 

of binary aysw?ms, 3ft5 d jje^, 

ofcirEestial hudtcii, 380. 

— — ', elements of ao, lOj 57. 
OnJlimryrefracttun,!*^. Note 1&*. 

rajf, 175. 

Oadllaiions, 3. Xote I. 

^ — of ihp oct-an, 80. 

- — of iht' |Ji*n ilii t mil. ly * Nwlfl 127- 

— - of lh€h alrtJUJuirhE^rE;, 115. 

P. 

PaciHe Occjin, the origin nT ihc iJdei, 

01. 
Tallaa, Un slat. 50. 
FaroliHrlrE, 5. Noi« 23. 
ParabfilJc cLeaieni-i, I^i}. 
Parannrlk looliofl^ 370. 
Pandlas. M. Nniea 1*23, 120. 
— ^t hoj 1/^(3 lal, 51- 
' — of tljc :<iiju. Mam, iintl Vtaaa, 

S-2, 53. 
— -ofilic mi too, .il- 
^— , anotinl^ .'i3. 371- 
Paid I ] 1' 1 1 1 1 r f f u nns, 1 -4, A'ott 6!i!. 

uf l^iiiciidii. -17. Noie 11. 

FarnihcriiVic ru^^ ufsolur tfpeclriun, 

^11 
Pany, Sir EUward, bis jciurney od . 



tho IcCi 03* Or Ihe mIiI m lle^ 
villtj Islaal -Ml. Oo ilnj leio- 
perviore ofiht; Arctic se:iJi. 3)00. 
Ftutickii ofJiinUi^r, 4, IMj. Note fk 
lubjcf t lo gravUnilon, 1, ]«L 

— — 1 rt'lriilve tvtSgliit»ii of. IflO* 

, fiinn of, 104. 

Peadaiiim, m, 40. Note lOO. ' 
•^—y U* vivrisiiioa di^ftv^red, SOL 
Feoiiui brjk, 30 . J*Jote 1 1 K 
Perigee, lu/Mvr^ 34, *\ot« MK, 
' — -1 varitiUan of, 37. 

. vnriB-tbn of aolur, ea. I^ote 

147. 
Perlheilod. 10. Not« 57. 
, fiog kiLir Yariatioii f nf, 1 G. 5q I« 

P«riud]c lnequa)itlf!4 of ilitr |i(aa«U» 

13. 
™ of J Heater's flHtelTlloTj, 27- 

' of tijtf tnoDQ, 34^ 

-=— liinea, ^ 0. 

, pru^portii^nai loculiciof iiii»it 

ijltct'mcc?, 5. Note 2d, 
PeriydSciiy uf tlie ijlaoi^Utry [itriaT- 

liaiionsi, ^. 
Piiriod^ of roiatten of the fdleiUul 

b(i4ii!fl, Gi u Btq. 
PefkLn», Mf.liiJ! Ljrptrin^enU^rjn Lbe 

eotit;)re-ni<iibihl>- of aiuii^r, 74, 
Peron acid Leeneur, MSr.ogt iLt^ liis 

trrti[iUc]i|i ufiiaaritic ^mliortlj;, titK}. 
PerturbEitioas of tlie ^biiii^t^ |)cri- 

odjc II nd sp4:u3ar, 1^ Kl 
— ^ evpr^^scd in sirnyi nnd coj^inei 

of cSrciiSnr arcs, 20. NiHi; 7lk 

of Jii|iHer itad Siiiurii, S4, 

— of Vmvm iind Ibe L^nnh. ^. 
—^ of Jugiitt'r'ii jsaii-'ilsEt^ST 37. 

of tbi.' iiMniii, 33, 34, 

^— of fpuncls, 33S. 
Pljri.-^pj-^ nf the monn^ ^Jfi?, 
PhijstiboriiMi^nCe. Sl*!i 
Pho?i|>liiorc'si-eiit t'vciioii of &iiEa.rfipee- 

triim, 'icii. 
Pluiiof J iililiir: rays of til it^i r f |>cctriiED, 

liH ff ."cy. 
-^ — - pirtiift's*, Kl7. 
Plflnf tif *;cl^Jau^ », 
— — f lit^ettnibir viiri;iilio]i, 21, 
PlJiaetnry iiic^lioos. fl, 13. 
Hlamtri aiov'i! in CMiije !.i;clh>n9t ^ 

, tht'ir forms, 1 

, nloin^pbcriri uf, 2;!8. 

p i;oriT^UhiU*JU i^f, S40. 

PlJiot*, liitir dM^I>lil^3ll1, '2651 it sfq 
I'iiiUtaii. Sf ,oo ci:iiii|'i.ioiia'o{:3ry cnj 
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Platina, spontaneous cunibustion of, 

104. 
Poinsot, M., on tiie invariable plane, 

23. 
Poisson, Baron, his researches on 
capillary attraction, 109. On the 
distribution of the electric fluid, 
276. On the law of the magnetic 
force, 308, 30«J. 
Polar star, 77. 
Polarization of light, 173 
by refraction, 173. 

by reflection, 178. Note 205. 

, circular, 183 et sea. Note 209. 

, elliptical, 187. 

, discovery of, 189. 

of heat, 215. 

, circular, of heat, 217. 

Polarized light, 173. 

, undulations of, 176, 188. Note 

201. 

, phenomena of, 180 et seg. 

Notes 207, 208. 

in quartz, 183, 187. 

, interference of, 188. Note 211. 

Polarizing angles, 179. Note 205. 

apparatus. Note 206. 

Poles of rotation, 4. Note 11. 

of celestial equator, or equinoc- 
tial, and of ecliptic, 9, 76. Note 
46. 

of mnximum cold, 260. 

, magnetic, 300, 

Pouillet, M., his estimation of the 
quantity of heat annual ly received 
from the sun, 251, 252. On the 
production of atmospheric elec- 
tricity, 281. 

Powell, Professor, on the dispersion 
of light, 191. His experiments on 
heat, 213. 

Precession and nutation, 74. Notes 
143, 144. 

, eflfects of, 75, 77. 

Principal axis of rotation, 71. 

Prism, its use, 153, 154. 

Prismatic colors, 154. 

Probabilities, theory of, its utility, 59. 

Problem of the three bodies, 11. 

Projected, 5. Note 20. 

a. 

Q,uadrant of the meridian, 84. Note 

151. 
Quadratures, 9. Note 51. 
Qundruiieds, their distribution, 270. 
Quartz, or rock crystal, its pro|)er 

tics, 177, lt*3, 187. 
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Radial force, 7. 

Radiation, 221 et seg. 

of the earth, 251. 

of the sea, 256. 

■■ ^ solar, 68, 261. Note 140. 

Radii vectores, 8. Note 40. 

Radius, 4. Note 15. 

, terrestrial, polar, and equato- 
rial, 47. 

— ■-, solar, 56. 

vector, 14. 

Raflles, Sir Stamford, his account 
of the volcanic irruption at Sain- 
bawa, 247. 

Rain, 222. 

Ratio, 4, 5. Note 16. 

Rays of Light, 148. 

of heat, 208. 

, chemical, 193 et seg. 

, extraordinary and ordinary, 

177. 

Reflection of light. Notes 184, 198. 

, extraordinary and total. Note 

184. 

of sound, 131. Notes 174, 

175. 

of waves, 131. Note 1 74. 

Refraction of light, 148, 149, 171. 
Notes 184, 198. 

, atmospheric, 148. Note 185. 

in eclipses, 39. 

, terrestrial, 150. Note 187. 
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